














5 
i 
ie 
2 
=) 
Pa 


6 
E 
: 
5 
: 


SSSsSssssssss SSS SSS = = ot cages: — ee Sc a 5 es 
aa ohh a an eh Ph hs es OS x SON zs Peale a ne mad wae oO nh ee Od Pe et Poe 5 , 


eo 


EES SE EERE 








UU 











py 
[eee U eee oe 4S 


VV LV NY KI sah S hI ch Da MS cc RS oR har LAD De Ta 


COTO OO OO 


TMT 


BU 








4 
- 
4 
4 
{ 


I; 
: 
ler 


ee 


yy 


GZ OS: 


IO OF 


(I OD OMG 


om 











ELECTRICAL COMMUNICATION 


A Journal of Progress in the 
Telephone, Telegraph and Radio Art 


EDITORIAL BOARD 


J. L. McQuarrie F. Gill G. Deakin P. E. Erikson G. H. Nash 
G. E. Pingree P.K.Condict W.E. Leigh EE. A. Brofos EE. C. Richardson F. A. Hubbard 


H. T. Kohlhaas, Editor 


Published Quarterly by the 


International Standard Electric Corporation 


Head Offices 
41 BROAD STREET, NEW YORK, N. Y., U.S. A. 


European General Offices 


CONNAUGHT HOUSE, ALDWYCH, LONDON, W. C. 2, ENGLAND 
75, AVENUE DES CHAMPS-ELYSEES, PARIS (8e), FRANCE 


G. E. Pingree, President K. E. Stockton, Secretary H. B. Orde, Treasurer 
Subscription $1.50 per year; single copies 50 cents 


Volume V JULY, 1926 Number 1 





CONTENTS 


TRANSATLANTIC RADIO TELEPHONY—RADIO STATION OF 


THE BritisH Post OFFICE AT RUGBY.............. 3 
By E. M. Deloraine 
SIGNAL-STRENGTH MEASUREMENTS. ....0050655...000000005% 22 
By E. H. Ullrich 
In MEMORIAM—HENRY FLEETWOOD ALBRIGHT.......... 27 
SIN GUOCK SMS BEMIS 625i. oa. .0. shad Show ¥ & des woes bese a sew 28 


By W. G. Britten 
SPOWART ENCLOSED GEAR TYPE EARTH BORING MACHINE. 33 
By H. P. Miller 
DEVELOPMENT AND APPLICATION OF LOADING FOR TELE- 
POPC Ny or OTROS eos gra ace ec a gee eee Re GLE Zon Scwiers ei 38 


A 
By 
8} 
By Thomas Shaw and William Fondiller H| 
| THE STOCKHOLM-NORRKOPING TELEPHONE CABLE........ 54 4 
By N. Hedén H 
LonG DISTANCE TELEPHONE COMMUNICATION AT THE q 
E@CARNOYGONPERENCE. 6.26.5..5.. caecs cue bud oketen 64 4 
By T. R. Gubbins 4 
TELEPHONE AND TELEGRAPH STATISTICS OF THE WORLD.. 66 
| 
CFDS CY yyy a DITEOOCIOy mie y, = SS UT BIT LISI TTT TO = = 
~~ YES OS OOO SION Or OG 
A As al] AANA TANT 





é 
z 





——T 


i) p 
ty Jy ATTN RTI EAA = = 








TIMI ] T 


HI] 


a 


SSO NO 


TMNT 


busXO) 


DOI TOYO TTI TIIIIIIT T DETTE 
e XY oO WA 


DODO TTT 
Co SO MO 


c 


DOS 


THN ITTTTTITIIITITITTTITTITIT TTI TTT ITT TTT TIT 
TTT | Hi i}} {}| | | | TTT ] 
LUE | tt | HI} | |} 





DOO LO SOSOD SO). SO. 








SuippiMg uley—uoneis OIpey Aqony 


fq paonpo4sday) 





(Reproduced by Courtesy of the General Post Office) 






Rugby Radio Station—Main Building 


Transatlantic Radio Telephony 





Radio Station of the British Post Office at Rugby 
By E. M. DELORAINE 


European Engineering Department, International Standard Electric Corporation 


HE interest which has been engendered 

by the recent experiments in talking two 

ways across the Atlantic between En- 
eland and America focuses at the British end 
upon the powerful transmitting station of the 
British General Post Office at Rugby. This 
iewly completed station, which has many novel 
and interesting features has been described ! from 
various standpoints. There has, as yet, ap- 
peared no detailed description of the modulating 
ind amplifying apparatus used in the high-power 
radio telephone experiments. It is the purpose 
of this paper to describe that portion of the 
Rugby installation and to discuss, in some detail, 
iis more interesting features. 

Essentially the equipment consists of the sin- 
gle side-band input equipment, the high-power 
radio amplifier, together with the necessary sys- 
iem of controls and protections. The single side- 
band input apparatus and the high-power am- 
plifier are both generally similar to the corre- 
sponding equipment employed on the American 
side in the Rocky Point transmitting station. 
The Rugby equipment was provided, installed, 
and tested by the Standard Telephones and 
Cables, Ltd., working in cooperation with the 
General Post Office Engineering Department 
and with the consulting advice of the Bell 
Telephone Laboratories, Inc. 


Method of Transmission 


The Rugby station is of special interest not 
only because of its size but also on account of 
outstanding features arising from the method of 
transmission employed. Inasmuch as the prin- 
ciples involved and the types of circuits used in 
the single side-band eliminated-carrier method 
of transmission have already been described,’ 


' The Rugby Radio Station, E. H. Shaughnessy, O.B.E., 
M.I.E.E., Electrical Review, Vol. XCVIII, No. 2527, April 
30, 1926. 

*Colpitts and Blackwell, Journal of the American In- 
stitute of Electrical Engineers, April, 1921. R. A. Heising, 
Proceedings I. R. E., June, 1925. Trans-Oceanic Wireless 
lelephony, H. W. Nichols, read before the British Insti- 
tute of Electrical Engineers, February, 1923. Trans- 
atlantic Radio Telephony, H. D. Arnold and Lloyd Espen- 
schied, Journal of the American Institute of Electrical 
/ngtneers, August, 1923. 
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only the fundamental features will be reviewed 
and the more important advantages stated. 

It is well known that the result of amplitude 
modulation of a carrier wave by a voice-fre- 
quency wave is the production of two bands 
of waves, one band having frequencies greater 
than that of the carrier and the other having 
frequencies less than that of the carrier. The 
carrier wave itself is not altered in any way by 
modulation, and consequently contains no part 
of the message and need not be transmitted. 
The upper band of waves is an exact copy of the 
speech waves, with each frequency increased 
by a fixed amount equal to the carrier frequency. 
The lower band takes a reversed position; that 
is, its component frequencies are equal to the 
carrier frequency minus the voice frequencies. 

These relationahips are plotted in Figure 1-A 
as a spectrum. If the line S; is taken as the 
lowest speech frequency and S»2 as the highest, 
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Figure 1—Spectra of Speech Bands 


all the frequencies in speech may be represented 
by lines in the band B. The lengths of these 
lines have no significance, but they have been 
made unequal in order that the frequency rela- 
tions in the subsequent transformations may be 
more easily followed. The line C represents the 
carrier frequency; and the result of modulation 
is to produce the bands B,; and Bs, which are 
spread over a frequency range equal to twice 
So. By, and By are usually referred to as the 
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lower and upper side-bands, respectively. Each 
of the bands B,; and By contains in itself all the 
elements necessary to reproduce the original 
speech. Only one side-band is necessary for 
reception, and nothing would be gained in the 
case of transatlantic radio telephony by trans- 
mitting two rather than one. On the contrary, 
several advantages accrue from the exclusion of 
one side-band. In the ordinary method of radio 
transmission both the carrier and the two side- 
bands are impressed on the antenna circuit and 
radiated. Since the carrier contains not less 
than two-thirds of the total energy and the 
products of medulation occupy more than twice 
the necessary frequency range, it is clear that the 
ordinary method of transmission does not lead 
to maximum efficiency either with respect to 
power consumption or the economical use of the 
ether. In the single side-band eliminated-carrier 
system only one of the side-bands, such as Bz, 
is selected from the components of modulation 
and amplified to the power level necessary for 
transmission. In this case the overall result of 
modulation is a simple frequency transforma- 
tion upward, as shown in the spectrum of Figure 
1-B, where the band B represents the speech 
frequencies and the band Bg: represents the 
radiated from the transmitting 
antenna. Obviously, the process of receptiom 
involves the selection of the band B, and the 
transformation of all the frequencies back of 
their original positions with respect to zero 
frequency, in order to reproduce the original 
speech-frequency spectrum. This frequency 
conversion is brought about by re-introducing 


frequencies 


the carrier frequency C at the grid of the receiv- 
ing detector,—or, in other words, by employing 
a heterodyne frequency corresponding to the 
carrier eliminated at the transmitting station. 
This is quite easily effected, but the heterodyne 
frequency must be adjusted accurately; other- 
wise the reprcduced frequencies will not bear 
the proper relation to zero frequency and the 
quality of the reproduced speech will be im- 
paired. 

As already stated, the elimination of the carrier 
alone establishes a power-saving of at least two- 
thirds, in addition, the suppression of one side- 
band reduces the transmitting band width to 
slightly less than one-half, thereby conserving 
the available wave-length range for other radio 
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transmissions. 
mits the use of more selective receiving end 
circuits which help considerably in reducing the 
exposure to radio noise and improve the signal- 
to-noise ratio. Provided all other conditions 
remain unchanged, this improvement allows a 
further reduction in power at the transmitting 
station. Another important advantage arising 
from the reduction in band width is the sim- 
plification of the circuit problems at the trans- 
wave- 


The narrow frequency band per- 


mitting station; for example, at the 
lengths employed for transatlantic telephony, 
it is very difficult to design a reasonably efficient 
antenna which will pass even one side-band. 

The single side-band eliminated-carrier method 
of transmission has another very important 
advantage; namely, the reduction of signal 
fluctuations caused by changes in the trans- 
mitting medium. The amplitude of the signal 
produced at the output of a receiver is propor- 
tional to the product of the side-band amplitude 
and the carrier amplitude. In the ordinary 
system of transmission, the amplitudes of both 
the carrier and side-band are affected by the 
transmitting medium, so that the changes in the 
amplitude of the detected signal are proportional 
to the product of the changes in carrier and side- 
band. In the single side-band receiver the 
locally supplied carrier is constant in amplitude, 
and consequently the variations in strength of the 
detected signal are much smaller than in the 
ordinary method of transmission. 

In a transatlantic telephone system it is 
necessary to strive for improved efficiency and 
it is extremely important that the frequency 
range occupied in the ether be as small as pos- 
sible since the range available for all classes of 
communication is very limited. It will be seen 
from the preceding that the advantages of the 
single side-band system all tend toward meeting 
these requirements. The employment of this 
system is, therefore, highly desirable. 

In the choice of the wave-length range over 
which the telephone transmitter should be 
capable of being operated, the controlling factors 
were the economics of transmitter design and the 
characteristics of the transmitting medium. An 
extended study of the transmission across the 
Atlantic of radio signals at wave-lengths between 
5,000 and 17,000 meters showed that in general 
the longer waves are steadier in strength at any 
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given time and less exposed to extreme of 
diurnal and annual variation than the shorter 
waves. It showed, on the other hand, that the 
interference produced by atmospheric disturb- 
ances is less in the case of the shorter waves. 
Longer waves involve increased expenditure 
on the sending station. After consideration of 
the various factors involved, including the 
relative importance of long and medium wave- 
lengths to telegraph traffic, it was decided that 
the value of mid-band frequency used for the 
transatlantic telephone experiments should be 
taken between 50 and 65 kilocycles. 

The use of the single side-band method of 
transmission involves the modulation and filtra- 
tion of the high-frequency wave at low power. 
The transmitter consequently includes a low- 
power input equipment and a high-frequency 
power amplifier. The equipment is of an ex- 
perimental nature and provision has, therefore, 
been made for a maximum of flexibility. In 
order to facilitate the operation and supervision 
of the transmitter, it was considered desirable 
to concentrate most of the controls and measur- 
ing instruments at a centre control position. 
Another feature incorporated in the equipment 
is a comprehensive scheme of protections and the 
provision of apparatus for the automatic detec- 
tion of a number of abnormal operating condi- 
tions. 


Production of Side-Band Signal 


It is desirable to consider in more detail the 
actual method employed at Rugby to generate 


and to select the single side-band signal. The 


overall result at the transmitting station has 
been shown to be a simple frequency trans- 
formation upward, in which a fixed frequency is 
added to each frequency in the voice wave. This 
frequency conversion involves modulation and 
filtration. A large portion of the carrier may be 
eliminated by the use of a balanced modulator 
circuit, but the filter must suppress the remainder 
of the carrier as well as the opposite side-band. 
The filters for this purpose must be capable of 
a very high degree of discrimination. The lowest 
frequency considered, S; (Figure 1-A), is 300 
cycles. The difference between the carrier 
frequency C and the nearest frequency in the 
side-bands is thus 300 cycles; the filter must, 


therefore, discriminate sharply between two 
frequencies 300 cycles apart. Consequently at 

the upper limit of the frequency range, 50 to 65 
kilocycles, the smallest percentage difference 
between the frequencies which are to be passed 
and those which are to be suppressed is approxi- 
mately four-tenths of one per cent. Further- 
more, in order to provide for the possibility of 
changing wave-lengths in the transatlantic 
system, it is necessary to be able to produce the 
side-band signal for any channel, within the 
range of 50 to 65 kilocycles, which may be as- 
signed to the station, and which will be decided 
on finally with due regard to a number of factors, 
one of which is the antenna characteristic. These 
requirements lead to the conclusion that a band 
filter is necessary which has extremely sharp and 
also widely variable cut-offs. In the present 
state of the radio art this would be a difficult 
and expensive proposition. It is far more 
satisfactory to resort to a system of double 
modulation with fixed filters. These fixed 
filters cannot be designed economically to handle 
any considerable amount of power. It is found 
preferable to perform the modulation on very 
small currents and to amplify the high-frequency 
wave in its final form to the required level. 
Such a system is employed at Rugby and will 
now be described. 

' The first operation comprises modulation of 
an intermediate carrier having a fixed frequency 
C, (Figure 1-C) much lower than the frequencies 
used for transmission. The carrier C, is modu- 
lated by speech currents the frequencies of which 
lie within the band B; and the modulator output 
circuit contains currents of frequencies which 
form the spectrum B,; C; By. These currents are 
passed through a fixed band filter having limits 
designated by F;. It will be noted that F; selects 
the lower side-band B;. The entire process is 
then repeated by setting the currents from the 
output of filter F; to modulate a second carrier of 
frequency C2, which is so adjusted that 


Gs = Ci — GC. 


where C corresponds to the carrier frequency 
which would have been employed, if the signal 
had been produced in a single step. The second 
modulation produces a second combination of 
carrier and two side-bands, viz., C2, B; and By; 
but in this case the bands B; and By, are well 
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separated from C2. Discrimination in this case 
is not a difficult matter and B; can be selected 
by means of a comparatively broad band filter 
F;. The position of the band B; inside the filter 
limits may be shifted by changing the frequency 
of the oscillator, which supplies the carrier Co. 
A very simple means is thus provided for chang- 
ing the frequency of the wave delivered by the 
modulation apparatus. 

After the first band filter has selected the 
lower side-band from the first modulator, and 
the second band filter has selected the lower side- 
band from the second modulator, the frequencies 
of the final band are restored to their relative 
positions in the original speech-frequency band. 
In other words, selecting the lower side-band 
twice is equivalent to selecting the upper side- 
band in a single step of modulation with a 
carrier equal to the difference in frequency 
between the first and second carrier oscillators of 
the double modulation process. The overall 
result is a simple frequency transformation, in 
which this fixed difference frequency has been 
added to each frequency in the original speech 
band. A flexible system, which eliminates one 
side-band and the carrier, is thus obtained by 
means of fixed filters. 


Speech and Radio Input Equipment 

The apparatus which receives the speech 
currents from the telephone line and produces 
the high-frequency single side-band signal is 


shown in Figure 2. A standard mounting for 





Figure 2—Speech and Radio Input Equipment 


telephone apparatus has been used, in which 
the various units form independent panels, which 
are installed on the vertical racks or bays. The 





units of each panel are fitted with metal con- 
tainers, which are readily removable for inspec- 
tion purposes and which provide electrical 
shielding and mechanical protection. The panels 
have been grouped according to their function 
as follows: the first bay is the power bay, the 
second the speech input equipment bay, the 
third the modulation bay, and the last the inter- 
mediate amplifier and radio test oscillator bay. 
The arrangement of the power bay will be better 
understood after the other bays have been de- 
scribed. The apparatus in each panel is con- 
nected to that in the next through double jacks, 
which can be used for testing purposes. 


Speech Input Equipment Bay 


It will be seen from Figure 3, that the bay 
layout of the speech input equipment apparatus, 
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Figure 3—Input Equipment Bay Layout 


starting from the top, is as follows: terminal 
block, volume indicator, main line control, tele- 
phone booth control, jacks and keys, reference 
frequency oscillator, resistances, low-frequency 
band filter, radio-frequency filter and monitoring 
coils, and blank panel. 

The circuit diagram of the second, third and 
fourth bays is given in Figure 4. Two trunk 
lines are provided for connecting the toll line 
apparatus at London to the speech input equip- 
ment at Rugby. Line No. 1 is used normally, 
and line No. 2 is spare. The speech input equip- 
ment has been designed for 900 ohms impedance, 
and the lines are connected to the equipment 
through suitable transformers. The incoming 
signal first encounters a radio-frequency sup- 
pression filter, the purpose of which is to elimi- 
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nate radio-frequency currents which may be 
present in the telephone lines due to their 
proximity to the transmitting system. This 
filter is made of two shunt condensers with the 
mid-point grounded, and two series inductances, 
one on each side of the line. The attenuation is 
less than 0.2 T.U. (Transmission Units) up to 
5,000 cycles and is 26 T.U. at 50,000 cycles. 
The next piece of apparatus across the line is a 
volume indicator, which is used to check the 
incoming speech volume. The circuit is a modi- 
fication of that of the standard volume indicator 
address 
In order 


employed in connection with public 
systems and broadcasting equipments. 
to obtain a very wide range, an extra stage of 
amplification has been added so that it is possible 
to read volumes from —26 to +40 T.U. in 
steps of 2 T.U. Two meters are placed in series 
in the plate circuit, one being located on the 
volume indicator panel and the other on the 
control table. A monitoring coil is introduced in 
the circuit immediately after the radio-frequency 
suppression filter. This enables the attendant to 
listen to the incoming speech at this point 
when faults are being located or when special 
tests are being carried out. 

Two artificial lines are used to control the 
speech input. They consist of ‘‘H”’ type attenua- 
tion networks with a total range of 20 T.U. anda 
constant 900-ohm impedance. The first is con- 
nected in the main incoming line and the second 
in the line from the telephone booth provided 
for local testing of the station. The adjustments 
for local test transmissions from the booth are 
thus made independent of the adjustments for 
transmission from London, and no changes are 
required when switching from one line to the 
other. 

After the main 
connected to a number of relays and switching 


line control, the circuit is 
keys, the relays being operated from the control 
table. The function of the first key is to change 
over from the London line to the local telephone 
booth. The first relay changes from telephone 
to telegraph; that is, it suitably terminates the 
line and connects to the modulating equipment 
which telegraph 
signals may be transmitted. The signal current 
derived from this oscillator is very stable and 
has a pure tone at 1,500 cycles, which frequency 
is taken as a reference for adjusting the carrier 


a_ single-tone oscillator, by 
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at the receiving station. The next relay is pro- 
vided to enable the attendant at the control 
position to isolate the radio transmitting system 
from the whole of the speech input circuit in an 
emergency. When this is done, the telephone- 
line and the transmitting systems are both 
suitably terminated. A second monitoring coil, 
introduced in the circuit immediately after the 
splitting relay, is connected directly to a tele- 
phone headset on the control table. 

The circuit of the speech input equipment 
connects finally to one high-pass and one low- 
pass filter. The band of frequencies to be trans- 
mitted, even when advantage is taken of the 
single side-band method, is still relatively great, 
and it is advisable to reduce it as much as pos- 
sible, so long as the intelligibility of the system is 
not affected to an intolerable extent. The band 
which is transmitted through this apparatus lies 
between approximately 350 and 2,800 cycles. A 
large proportion of the energy in the speech 
spectrum is carried by the lower frequencies, 
and, although these are useful for the natural 
reproduction of the voice, they are less im- 
portant to intelligibility. A considerable saving 
in tube capacity and power can be effected if 
these frequencies are not fully transmitted. 
The equipment is provided with a high-pass filter, 
which introduces a loss less than 1 T.U. for 
frequencies above 500 cycles, about 10 T.U. 
at 350 cycles, and more than 30 T.U. at 250 
cycles. A low-pass filter is also provided, which 
introduces a loss less than 1 T.U. for all fre- 
quencies up to 2,500 cycles, about 6 T.U. at 
3,000 cycles, and 20 T.U. at 3,500 cycles. These 
two filters can be connected into the circuit 
independently, or switched out of it by means 
of two keys. The filters should not be switched 
out of the circuit when the power amplifier is in 
operation, unless special precautions have been 
taken to ensure that no excess voltages will be 
produced in the amplifier as a result of the in- 
creased width of the frequency band. 

The 1,500-cycle reference-frequency oscilla- 
tor at Rugby has been designed to produce 
extremely constant frequency. The plate of the 
oscillator tube is fed through a choke coil and 
connects through resistances to a tuned circuit, 
which is electro-magnetically coupled to the 
grid. The load is connected across a resistance, 
which is a small portion of the output circuit 
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resistance, so that no appreciable variation of 
output impedance is produced by variations in 
the load circuit. Two Morse keys are provided 
for sending telegraph signals. One is located on 
the oscillator panel and the other is on the control 
table. They are connected in parallel and con- 
trol a relay, which short-circuits the primary of 
the oscillator output transformer. The variation 
of the reference-frequency oscillator with tem- 
perature is 0.0014 per cent. per degree Fahren- 
heit; that is, a variation of 20° F. will produce a 
frequency change of approximately 0.4 cycles. 
The frequency changes due to normal fluctua- 
tions of plate or filament supply are quite 
negligible. 


Vodulation Bay 


The layout of the modulation bay can be seen 
from Figure 3. The arrangement of panels, 
starting from the top, is as follows: terminal 
block, 40 to 70-kilocycle second band filter, 
90-kilocycle second modulator, jack panel, 33- 
kilocycle first modulator, voltage limiter, and 
28 to 33-kilocycle first band filter. 

The circuits for both the first and second 
modulators are of the balanced type, two modu- 
lator tubes being used for each unit. The 
signal is impressed on the grids in opposition 
through an input transformer, the secondary of 
which is divided into two windings. The carrier 
is impressed on the two grids in parallel through 
transformers placed on the grid side of the input 
transformer. The carrier oscillators are of a 
similar design to the 1,500-cycle oscillator. The 
negative grid voltage is supplied from two in- 
dependent potentiometers, one of which is fixed 
and the other of which has both a coarse and a 
fine adjustment. Balancing condensers are con- 
nected across each secondary coil of the input 
transformer, one of them being variable. The 
output of the balanced modulator contains the 
two side-bands and an amount of carrier, which 
corresponds to the unbalance in the two tubes. 
A very satisfactory balance of the first modula- 
tor can be obtained by a proper setting of the 
potentiometers and of the variable balancing 
condenser; the amount of carrier which does get 
through is still further reduced in the band 
filter. 

For transmission of the type here considered, 
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the difference between the suppressed carrier 
frequency and the re-introduced carrier at the 
receiving end should be maintained within ap- 
proximately 20 cycles. 
ence includes the combined total variation of the 
oscillators at the transmitting and receiving 
points of one channel. The absolute variation 
of frequency of the 1,500-cycle oscillator is 
negligible compared with that of the carrier 


This frequency differ- 


oscillators. The lower side-band is selected at 
the output of the first modulator and the lower 
side-band is again selected at the output of 
the second modulator, so that the final fre- 
quency depends upon the frequency difference 
between the first and second carrier oscillators. 
Any change which causes one oscillator to varv 
its frequency will cause the other oscillator to 
vary in the same direction. Hence the overall 
variation of the radio-frequency signal corre- 
sponding to a_ steady low-frequency signal 
impressed on the input of the modulator system 
will be the difference of the variations in fre- 
quency of the two carrier oscillators. It is thus 
desirable to design the two oscillators in such a 
way that they have as nearly as possible the 
same absolute variation of frequency. Conse- 
quently, the second oscillator should be made 
as stable as possible, and the first oscillator 
should be designed to offset the variations of the 
The predominant source of frequency 


variation in the oscillators described is tempera- 


second. 
ture change. A variation in temperature of 
25° F. produces a change of frequency of the 
first carrier oscillator of about 40 cycles, and 
when the two oscillators are used together the 
frequency change caused by such a rise of 
temperature is less than The fre- 
quency changes due to normal fluctuations of 


14 cycles. 


plate or filament supply are quite negligible. 
Changing of tubes produces a change of fre- 
quency not exceeding 10 cycles. The first 
oscillator has a range from 32.7 kilocycles to 
33.6 kilocycles. 
quency of the order of 33 kilocycles. 
frequency is used, the carrier will meet with 
greater attenuation in the filter, but the lower 
speech frequencies also will be attenuated to a 
higher degree. The exact frequency to be used 
depends on a between carrier 
elimination and the transmission of the lower 


Normally it is set at a fre- 
If a higher 


compromise 


speech frequencies. 
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The function of the first band filter is to pass 
the lower side-band signals produced by the first 
modulator and to suppress the unbalanced carrier 
and the upper side-band. The first band filter 
introduces a loss less than 2 T.U. for frequencies 
between 27.6 kilocycles and 31.4  kilocycles. 
It has a very sharp cut-off on the high-frequency 
side, the attenuation being 32.2 T.U. at 32 
kilocycles, and 57 T.U. at 32.8 kilocycles. The 
filter curve rounds off a little more on the low- 
frequency side, the attenuation being 3.5 T.U. 
at 27.4 kilocycles and approximately 13 T.U. 
The modulating currents in 
modulator are now the 


at 27 kilocycles. 
the second balanced 
side-band components passed by the first band 
filter, and the mid-frequency of the band is 
approximately 31.5 kilocycles. The modulating 
frequency is supplied from the second carrier os- 
cillator, which has a frequency range of 70 
kilocycles to 102 kilocycles. 

The type of circuit used for both the balanced 
modulator and oscillator in this second stage is 
somewhat similar to the corresponding units in 
the first stage. There are two differences. On 
account of the greater spacing between carrier 
and side-bands, it is not necessary to balance 
the modulator very carefully, since the second 
band filter will attenuate the second carrier to a 
sufficient extent without attenuating any part of 
the side-band which is being selected. Hence 
the negative grid voltage supplied to the tubes 
of the second modulator is not critical and re- 
quires no variable elements, but is merely taken 
at a predetermined fixed value. Likewise, there 
are no balancing condensers across the secondary 
windings of the input transformer. The second 
difference is that the second carrier oscillator 
has a wide frequency range. 

The function of the second band filter is to 
select and pass the lower side-band produced by 
the second modulator and to exclude all other 
frequencies, including that of the second carrier 
oscillator as well as the upper side-band. The 
second band filter is a combination of a high- 
pass and a low-pass filter. It introduces a loss 
less than 2 T.U. for all frequencies between 
42.6 and 60 kilocycles. The attenuation is 5 T.U. 
for 40 kilocycles and 68 kilocycles, and 70 T.U. 
for 32 kilocycles and 75 kilocycles. 

In order to safeguard the high-frequency 
power amplifier in the event of the signal 
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currents arriving on the line at a volume higher 
than normal, a voltage limiter is introduced 
between the output of the second band filter and 
the input of the intermediate amplifier. The 
principle of this limiter is as follows :— 

Two paths of unequal gain are provided for 
the high-frequency currents, one of which over- 
loads for a lower input amplitude than the other. 
The currents corresponding to each path are in 
opposition in the output circuit, and the circuit 
is so adjusted that the larger current arrives 
through the path which overloads first. For 
normal amplitudes, the output currents for each 
path and, therefore, also the difference of the 
outputs, are proportional to the input. After 
the. overload point is reached for the first path, 
the gain through that channel is decreased, 
while the gain through the second path, which 
subtracts from the first, remains constant. The 
overall gain consequently decreases for increas- 
ing input amplitudes, thus limiting the output 
voltages to a predetermined maximum value. 
The overloading effect is obviously accom- 
panied by the production of harmonics, which 
are prevented from reaching the intermediate 
power amplifier by the insertion of a low-pass 
filter, introducing an attenuation of 25 T.U. or 
more for all frequencies above 90 kilocycles. 

The limiter unit includes one stage of ampli- 
fication, in order to secure zero transmission 
equivalent at normal amplitudes. This makes it 
possible to cut out the limiter, if desired, by 
plugging a patch cord between the output of 
the second band filter and the input to the 
intermediate power amplifier. The limiter is 
provided with input and output resistance 
“pads”, i.e., resistance networks, which are 
adjusted to give the overload at the proper value. 
The overload point can be changed at will by 
removing a “‘pad”’ from the input and adding a 
corresponding ‘‘pad’’ to the output, or vice 
versa. The change in the overload point will 
correspond to the number of T.U. thus trans- 
ferred. 


Amplifier and Radio Test Oscillator Bay 


The layout of the amplifier and radio test 
oscillator bay can be seen from Figure 3. The 
arrangement of panels, starting from the top, is 


as follows: terminal block, intermediate am- 
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plifier, thermocouple and voltmeter panel, radio 
test oscillator tuning unit, and radio test 
oscillator. 

The amplifier comprises two stages of radio- 
frequency amplification, the first stage having 
one tube, and the second two tubes in parallel. 
These tubes are capable of dissipating 50 watts 
on the plates. 
magnetic material are used throughout the cir- 
cuit. Meters are provided for reading the grid 
and plate currents of the tubes. A negative 
grid voltage alarm lamp is provided which will 
light if the plate voltage is applied when there is 
not a proper negative voltage on the grid. 

The output of the intermediate amplifier is 
taken through a transformer to the input circuit 
of the first stage of the power amplifier. A 
radio test oscillator is provided, in order to test 
the power amplifier independently of the input 
equipment. It will generate sufficient high- 
frequency power at any frequency in the range 


Transformers with cores of 


covered by the input equipment to replace the 
latter for single frequency test purposes. The 
oscillator is of the Colpitts type and uses two 
tubes in parallel, each of which is capable of 
50 watts dissipation. The plates are connected 
through an circuit to prevent 
spurious inter-tube oscillations. The maximum 
power output is 75 watts and the frequency 
The frequency is 


anti-singing 


range is 40 to 75 kilocycles. 
regulated by one dial, which controls a variom- 
eter, and another which switches in fixed in- 
ductances in various combinations. One group of 
inductances is in series with the variometer, 
and the other in shunt across the variometer and 
a series inductance. This arrangement has the 
advantage of giving a comparatively uniform 
change of frequency for a given change of 
variometer setting over the whole frequency 
The output is taken 
across a condenser on the plate side of the 
oscillator. The amplitude of the output currents 
can be changed in steps by means of an output 
control switch, and fine adjustment is obtained 
by regulating the D.C. supply to the anode by 
means of a series rheostat. 


range of the oscillator. 


The normal negative voltage is established by 
a grid leak and condenser. During keying a 
relay controlled by Morse keys, changes the grid 
voltage from normal to negative, 250 volts 
approximately, and thereby stops the oscilla- 
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tions. Two Morse keys are in parallel, one being 
located on the oscillator and the other on the 
control table. The oscillator panel is provided 
with meters for reading the plate, the grid, and 
the oscillatory current. 


A thermocouple voltmeter is provided to 
measure the effective voltage across certain 
circuits in the equipment. The voltmeter is 
normally bridged across the line connecting the 
input equipment to the power amplifier, and 
measures the effective voltage delivered by 
either the intermediate power amplifier or the 
radio test oscillator. For purposes of testing, 
the voltmeter sensitivity may be changed, a 
number of jacks being provided for this purpose. 


Power Bay 


The layout of the power bay is shown on 
Figure 3, and is as follows: terminal block, 
meters, relays, 12-volt fuses, keys, 160-volt 
lamps, 60-volt filter, and 160-volt filter. The 
power circuits are shown on Figure 5. All power 
connections, except the D.C. plate supply for 
the radio test oscillator and intermediate ampli- 
fier, are made through the power bay. By means 
of switching keys, meters may be connected into 
circuit to measure the filament current of any 
tube in the equipment, the grid current of the 
oscillators, and the plate current of any tube, 
with the exception of the intermediate amplifier 
and the radio test oscillator tubes. 


The protective system includes filament, 
plate, negative grid voltage and fuse alarm 
circuits. These four circuits are adequately 
interiocked to give an alarm if the various sup- 
ply sources are not switched on in the proper 
sequence or if the supply to any unit fails. 
Relays inserted in the common return of both 
modulator plate circuits will operate if there is a 
failure of filament or plate supply or if there isa 
failure of carrier supply. Relays are connected 
in the filament supply of all tubes with the ex- 
ception of the two volume indicator tubes and 
the two test oscillator tubes. The negative grid 
voltage alarm operates if the plate voltage is 
switched on before the application of the grid 
polarizing voltage, or if the latter fails during 


operation. The fuse alarm will operate if any 


of the fuses on the 12-volt or 160-volt supply 
blow out. 


An additional protection is provided 





Set {SAR og caer mc earn 


WeISPIC, WN) JoMOg JUoUdINby induy—g ons 






































COMMUNICATION 






































— 
<x 
Y 
— 
= 
ce 
v 
x 
— 
a 


















































OER YTS 


pel rcs 


ERT AT cee ETE Re 








ELECTRICAL 


in the 160-volt circuit in the form of individual 
lamps connected in series with each tube or 
The individual 
alarm relays close master relays associated with 
four circuits on the control table, marked fila- 
ment, grid, plate and fuse alarm. Any alarm, 
if operated, lights the corresponding lamp at the 
control table and rings a bell. 
The power for the input equipment is obtained 
from two motor generator sets, each having two 
The first set 
upplies the filaments of all the tubes, and the 


croup of tubes forming a unit. 


generators on a common shaft. 
plates of the smaller tubes. The second set 
supplies the grids, and the alarm and control 
circuits from one generator, and the plates of 
the 50-watt tubes from the other generator. 
These machines were supplied to Post Office 
<pecification by Messrs. Newton Brothers 
Derby), Ltd. 

The commutator ripples of the various genera- 
iors are eliminated by filters inserted in the 
supply lines to the input equipment. The filter 
in the filament supply is provided with two 
electrolytic condensers having capacities of ap- 
proximately 1,000 microfarads each. 


High-Frequency Power Amplifier 

The power delivered by the input equipment 
must be amplified with minimum distortion and 
good efficiency to the level necessary for satis- 
factory transmission, that is, from about 25 
watts to more than 100 kilowatts. This is ac- 
complished in three stages of amplification 
employing one, three and thirty water-cooled 
tubes, respectively. The latter are all of the 
standard type of 10-kilowatt water-cooled tube 
shown in Figure 6 manufactured by the Stand- 
ard Telephones and Cables, Limited, at their 
works at New Southgate, London. 

The copper anode of the tube is cylindrical 
and is held in a jacket, at the bottom of which 
water enters tangentially and is given a whirling 
motion. The heat produced by energy dissipa- 
tion in the tube is carried away by the cooling 
water, the temperature of the anode during 
normal operation being kept below 70° F. The 
copper anode has an outside diameter of 2’’ and 
a length of 9”. By a special process which has 
been fully described,’ it is sealed directly to the 

*“A New Type of High Power Vacuum Tube”, W. 


Wilson, Electrical Communication, Vol. 1, No. 1, August, 
1922, 
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glass bulb, which supports the filament and the 
grid structure, and has an outside diameter of 
3%” and a length of 5”. The filament con- 
nections are made through copper-to-glass seals 
to outside terminals at the base of the tube, and 
the grid terminal is supported by a glass insu- 


lating rod approximately 4’ long. The overall 





Figure 6—Ten Kilowatt Water-cooled Tube 


length of the tube is 20%”’. The filament which 
is 16” in length, is made of pure tungsten wire of 
0.035” diameter and the grid structure is made 
of molybdenum, a wire of 0.008’ diameter being 
wound with a pitch of one-fifteenth of an inch 
on three supporting rods. 

The necessary filament emission is obtained 
with a filament current of 41 amperes between 
21 and 24 volts. The tubes are classified by 
half-volt steps in six classes and a letter corre- 
sponding to each class is engraved on the glass 
of the bulb. The operating plate voltage is 
10,000 volts and the normal operating plate 
current 1.4 amperes. The grid current may be as 
high as 0.3 ampere. The plate can dissipate a 
power of 10 kw. and the grid a power of 250 
watts with an ample factor of safety. The 
amplification constant of the tube is approxi- 
mately 38, so that the negative grid voltage 
necessary to bring the plate current to cut-off 
with an anode voltage of 10,000 volts is 265 
volts. The 10 kw. tube will develop an output 
power of 10 kw. at a single frequency when work- 
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ing into a suitable output circuit. When a num- 
ber of tubes are used in parallel to amplify a 
band of frequencies and to work into an output 
circuit coupled to a radiating antenna and ad- 
justed to have the necessary band width, the 
conditions are somewhat different. It is very 
difficult to design economically for the wave- 
length employed an efficient antenna system to 
meet in a satisfactory manner the output circuit 
requirements for a band of frequencies of the 
width required for satisfactory transmission of 
Difficulties also arise on account of the 
tendency of the tubes to generate spurious 
oscillations and on account of the large capacity 
of the anode power supply source as compared 
with the power capacity of one tube. It will be 
understood, therefore, that the power obtainable 
at a single frequency from a bank of 10 kw. 
tubes when arranged to amplify a band of fre- 
quencies and to deliver energy into an efficient 
antenna will be somewhat less than 10 kilowatts 
per tube. 

The principles involved in the design and op- 
eration of high-power radio-frequency amplifiers 
have already been described.‘ In this paper we 
shall confine ourselves more particularly to a 
description of the Rugby apparatus, and a few 
general remarks to explain the arrangements. 


speech. 


In order to obtain high quality reproduction, 
voice-frequency amplifiers operate on the straigh: 
part of the tube characteristic, and the grid 
input voltage is kept low enough to prevent the 
grid becoming positive. The efficiency of this 
type of amplifier is low and the power obtainable 
per tube is small compared with the rated power 
of the same tube when used as an oscillator. A 
voice-frequency amplifier could be made _ to 
deliver more power and to do so with increased 
efficiency by increasing the negative grid polar- 
izing voltage and increasing the grid input 
voltage; but distortion would result. The 
energy dissipated in the tube is the time- 
integrated product of the instantaneous plate 
voltage and the instantaneous plate current. 
With the above method of operation no current 
would be flowing in the tube when the plate 
voltage is high, because the grid would be highly 
negative at the same time. Assuming that a 


suitable output circuit is used, the plate voltage 


4 A. A, Oswald and J. C. Schelleng, Proc. I. R. E., June, 
1925. 
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would be small when the plate current is a maxi- 
mum, and the efficiency of the amplifier would 
be high; but, since the operation of the tube 
would extend well over the linear portion of the 
characteristic, the shape of the amplified wave 
would be considerably distorted, with the con- 
sequent production of large 
amplitude. The harmonics of the low-frequency 
speech currents would be inside the band of 
frequencies amplified and would add, therefore, 
It is possible 


harmonics of 


to the original speech frequencies. 
however, to work a high-frequency amplifier in 
the above manner. The bands of harmonics 
thus produced are well separated from the signal 
band and it is comparatively easy to eliminate 
the harmonics from the desired signal and to 
prevent almost completely their radiation from 
the transmitting antenna. An efficient amplifier 
of this type is used at Rugby. 

The large amplitude of grid alternating voltage 
brings the grid to high positive values with 
respect to the filament. During this portion of 
the cycle the grid passes a large current, and the 
grid filament impedance is low. During the 
next portion of the cycle, the grid becomes highly 
negative and the grid filament impedance is 
large. In order to prevent these impedance 
variations from causing reaction by affecting 
the anode circuit of the previous stage, it is 
necessary to include in the interstage circuits a 
parallel path, between grid and filament, of 
impedance low enough to reduce to a minimum 
the effect of the variable impedance of the grid 
circuit. 

The interstage circuits are designed to receive 
efficiently the energy delivered by the previous 
stage and to deliver part of this energy at the 
proper voltage to the grids of the next stage. 
The circuits are, in effect, step down transform- 
ers which present the correct impedance to the 
anode of the previous stage and a low enough 
impedance to the grids of the following stage. 
There is a progressive increase of output power 
in the successive stages but practically no volt- 
age amplification. The interstage circuits are 
of the parallel-tuned type. The inductive leg 
is made of a combination of inductance in series 
with a parallel arrangement of inductance and 
resistance on the ground side of the coupling 
circuit. The grid driving voltage is taken across 
the parallel inductance and resistance circuit. 
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ments of grid and plate impedance, has a good 
coupling efficiency for the frequencies within 
the band to be transmitted, and is inefficient 
for the bands of harmonics. The circuit has a 
low reactance for currents at harmonic frequen- 
cies, and these are by-passed from plate to 
eround, very little energy at harmonic frequen- 
cies being thus transferred to the next stage. 

To apply the above method of interstage 
coupling, and to provide sufficient flexibility, 
it was considered necessary to perform the 
amplification in three steps. The first stage 
has one tube, the second stage three tubes in 
parallel and the last stage thirty tubes in parallel. 
The latter is divided into two units of 15 tubes 
each, either or both of which can be used to 
deliver energy into the antenna. 

The prevention of harmonic radiation from 
the antenna is a very important consideration 
in a system of this kind. As already stated, 
each interstage circuit eliminates to a large 
extent the harmonics produced by the previous 
stage. The output circuit consists essentially of 
a parallel combination of capacity and induct- 
ance, the inductive branch being divided into 
two sections, one of which is used for tuning 
and the other for coupling to the antenna 
system. The circuit is tuned to the mid-fre- 
quency of the transmitted band and offers to 
currents of that frequency an impedance which 
is determined by band-width considerations and 
which is of the order of the combined plate- 
filament impedance of the tubes in the last stage 
under the actual operating conditions. The 
circuit has a reactance for currents at 
harmonic frequencies, and these are by-passed 
from plate to ground, most of the energy in the 
harmonics being dissipated inside the tubes. 

The delivery of energy to the anodes of the 
tubes is pulsating at frequencies from zero to the 
highest audio frequency in the signal band. 
The inductance of the high-frequency choke coils 
inserted the D.C. supply and_ the 
anodes consequently must be low in order to 
pass these currents without modulating the plate 
voltage to an undesirable extent. This induct- 
ance, however, must be large compared with that 
of the tuning inductance and it must have a 
distributed capacity which is small compared 


low 


between 


with the tuning capacity in order to prevent 
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This type of circuit, besides meeting the require- 










the choke coil affecting the tuning of the corre- 
The 
reactance of the choke coils used in the various 


sponding circuit to an undesirable extent. 


grid circuits must be kept low also in order to 
prevent the grid currents modulating the grid 
polarizing potential. It is important also to 
keep the resistance of the D.C. grid path low 
inasmuch as the flow of positive grid current 
through these resistances produces a drop of 
voltage which is added to the grid polarizing 
voltage. The function of the blocking con- 
densers is to isolate the high-frequency circuits 
from the D.C. supply and to by-pass the high- 
frequency currents to the tuned coupling or 
output circuits. The reactance of these con- 
densers must be small compared with the im- 
pedance of the corresponding tuned circuit. 


High-Frequency Power Amplifier 


The general arrangement of the power am- 


plifier is shown in Figure 7. The apparatus will 





Figure 7—Power Amplifier and Control Table 


one-tube 
unit, three-tube unit, second interstage circuit, 
fifteen-tube units, output circuit, power supply 
system, and controls and protections. 


be described in the following order: 


The one-tube unit is shown in Figure 8. It is 
divided into three compartments, the input cir- 
cuit, the tube compartment, and the output 
circuit. The unit is installed in a shielded room 
and the input circuit is further shielded and is 
enclosed in a brass box. The input circuit 
consists essentially of a coupling resistance, a 
coil which by-passes the rectified grid currents, 
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and a high-frequency by-pass condenser. The 
negative grid potential is supplied through a 
filter of two sections, composed of series iron core 
inductances and shunt condensers. The water is 
supplied to the tube through a double hose coil, 
which provides the necessary insulation  be- 
tween the water jacket and ground. The grid 
and plate are protected against abnormal volt- 
ages by spark gaps associated with relays which 
operate to remove the grid and plate supply in 
the case of a grid gap, and the plate supply 
above in the case of a plate gap. The output 
circuit, which is the first interstage circuit, is 
mounted at the back of an insulated panel. 
The tuning inductance and grid inductance can 
be changed in steps by tappings at the front of 
A variometer provides fine tuning 
adjustment. The tuned when the 
radio-frequency currents in the inductive and 


the panel. 
circuit is 


capacitative legs bear a certain calculated ratio. 
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Figure 8—One Tube Unit 


An ammeter is switched from one leg of the 
circuit to the other without breaking the circuit, 
and the inductance or capacity is adjusted until 
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the correct ratio is obtained. The unit is com- 
pletely enclosed by metal screening, and if any 
door is opened, safety switches operate, which 
trip the D.C. supply. 

The three-tube unit can be seen in Figure 7; 
it is similar in construction to the fifteen-tube 





Figure 9—Second Interstage Circuit 


unit, and most of the apparatus is detailed in 
the description of the fifteen-tube unit. 

The second interstage circuit, which forms the 
coupling between the three-tube unit and the 
two fifteen-tube units, is mounted in three parts: 
a condenser unit, a tuning inductance, and a 
grid resistance unit, respectively. It is located 
in the high-voltage enclosure and can be seen in 
Figure 9. The negative grid voltage is supplied 
through a _ remote-controlled power potenti- 
ometer. 

Figure 10 shows a fifteen-tube unit prior to 
installation with the screens removed. The 
unit is an assembly of the tube mountings, in- 
sulating water columns, and apparatus directly 
associated with the individual tubes. The 
tubes have their input and output electrodes, 
respectively, connected to closed bus-bars, which 
are in the form of circular rings. The whole 
unit is symmetrical about a vertical axis. The 
use of such an arrangement leads to an equal 
distribution of the load between the tubes and 
a decreased tendency to generate undesired 
oscillations. The unit is built up in circular tiers 
and is mounted on a base casting supported on 
legs from a base ring which rests on the cement 
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floor of the chase. The height of the legs is such 


that the bottom of the base casting is on a 
level with the floor around the unit, and the 
the bottom of 


filament transformers, seen at 





Figure 10—Fifteen Tube Unit 


Figure 10, are located below the floor level. 
The insulating hose coil, which leads the water 
to and from the tubes, is used as a base for sup- 
porting the inlet water header and the tubes. 
The filament 
in a circular tray, and flexible knife switches 


by-pass condensers are carried 
arranged around the outside of the tray connect 
directly to the filament terminals of the tubes. 
In order to prevent certain types of inter-tube 
oscillations, the anode of each tube is connected 
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to the supply bus through an anti-singing cir- 
cuit, consisting of a small inductance in parallel 
with a resistance, and also to an equalizing bus 
The upper part of the 
unit is completely enclosed by a metallic screen 
arranged for quick removal, which affords pro- 
tection to the operator and also provides a 


through a resistance. 


certain amount of shielding between the two 
units. Access to the unit is obtained thorugh 
the enclosure gate, which is fitted with a switch 
arranged to trip the high-voltage oil switch, if 
the gate is opened when the power is on. 

The anode bus-bars of the two banks of fifteen 
tubes are connected in parallel through anode- 
disconnect switches and a suitable choke coil 
to the high-voltage bus-bar. It 
possible to operate the amplifier with only one 
When the dis- 
connect switches are in the grounded position, 


is, therefore, 
bank of tubes in the last stage. 


the various protective devices are rendered in- 
operative. The grid bus-bars of the two banks 
are connected in parallel through an anti-singing 
network, which prevents inter-bank oscillations. 
The tubes are protected against excessive anode 
and grid voltages as in the case of the other 
units. 

The output circuit comprises essentially a 
stopping condenser, tuning condensers, a tuning 
coil, an antenna coupling coil and an antenna 
tuning coil. The condensers were supplied by 
Messrs. Dubilier Condenser Company, Ltd., to 
Post Office specification. 
consists of four units in series, two of which are 
When the two banks of 
tubes are used in the last stage, the anode tap is 


The tuning condenser 
seen in Figure 11. 


connected to the high-voltage terminal of the 
unit, which is nearest to ground, and is taken one 
This 


preserves the relation between the output im- 


unit higher when only one bank is used. 


pedance of the tubes and the impedance of the 
output circuit. The output circuit coils were 
designed by the Engineering Department of the 
British Post Office, which carried out a consider- 
able amount of experimental work to determine 
the most suitable insulating material for trans- 
mitting coils of this type. It was found that 
American white-wood has a lower dielectric loss 
than any other material. The coils therefore, 
are wound on white-wood spiders, which are 
The con- 
ductor used consists of a very large number of 


supported on a wooden framework. 
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being enamelled and 


The tuning coil is 


strands, each strand 
cotton- or silk-insulated. 


shown in Figure 12; the antenna tuning and 


coupling coils are somewhat similar. 





Figure 11—Output Circuit Tuning Condenser* 


The antenna used for the telephone trans- 
mitter® is approximately 114 miles long and con- 
sists of a cage of eight wires of heavy gauge 
spaced on spreaders, 12” in diameter, and sup- 
ported on six masts arranged in a U shape. 
The masts were constructed by Messrs. Head 
Wrightson and Company to Post Office speci- 
fications and are of the pivoted and stayed 
type. 
below the pivot are columns of insulators and a 
granite cube. The masts are of triangular form 
with 10 ft. sides and are 820 ft. high; they are 
designed to withstand a horizontal antenna 
pull of 10 tons. The earth system consists of an 
extensive network of copper wires buried a few 
inches below the ground. 

The low resistance of the antenna results in a 


Figure 13 is a view of the base of a mast; 


narrow resonance curve which leads to certain 
complications which are not encountered in a 
telegraph set, and the transmission of high quality 
speech presents a difficult problem notwith- 
standing the advantage of the single side- 
band system in this respect. The adjustment of 

5“The Rugby Radio Station”, E. H. Shaughnessy, 


O.B.E., M.I.E.E. Paper read before the Wireless Section 
of the Institution of Electrical Engineers, April 14, 1926. 
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the output circuit, however, is such as to obtain 
a satisfactory input-response characteristic which 
is considerably wider than the antenna reso- 
nance curve. This widening of the transmission 
band is accomplished at the expense of addi- 
tional requirements placed on the water-cooied 
tubes. 


Power Supply 

The power supply for the high-frequency 
power amplifier comprises essentially the fila- 
ment, the grid, and the anode supplies. 

The filament power for the second and third 
stages is obtained from a 416-volt, 3-phase, 100- 
cycle system, each tube being supplied from a 
separate transformer. This arrangement has 
the advantage of making it possible to measure 
the D.C. plate current of each tube at a point 
near ground potential and also permits the 
insertion of individual current overload relays, 
in the same part of the circuit. The three-tube 
unit is supplied from the three phases of the 





Figure 12—Output Circuit Tuning Coil* 


416-volt, 100-cycle supply. The fifteen-tube 
units are divided into three sections of five tubes, 
and each section is supplied from a separate 
phase. The power for the one-tube unit is sup- 
*(Reproduced by Courtesy of the General Post Office) 
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plied from a D.C. generator. This arrangement 
of the filament circuit was found to reduce to a 
minimum the ripple due to A.C. heating. A 
six-step rheostat is connected in series with the 
primary of each transformer to introduce com- 
pensating resistances corresponding te the differ- 
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Figure 13—Base of Antenna Mast 


ent classes of tubes used. The A.C. filament 
power is obtained from two 200 K.\.A. frequency 
converter sets, which were supplied by Messrs. 
Newton Brothers to British Post Office speci- 
fication. 416-volt, 50- 
cycle, synchronous motor driving a 100-cycle, 
3-phase alternator. Tirrill regulators are pro- 
vided to limit the voltage fluctuations to a very 
small fraction of the normal voltage. 

The grids are supplied with D.C. 
voltage through three potentiometers, one for 
each stage. The impedances of these potenti- 
ometers must be relatively low in order to pre- 
vent the variations in the D.C. grid current 
causing distortion by changing the value of the 
grid polarizing potential. The potentiometer 
in the third stage of the amplifier is conse- 


Each set consists of a 


polarizing 
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quently of comparatively large dimensions and 
The 


motor-generator 


a power of several kilowatts. 
supply is obtained from a 
comprising an induction 
control starting, and a D.C. generator with field 
control, the voltage being adjusted from the 
radio transmitting room. 

The D.C. anode power is obtained from special 
high-voltage motor-generator sets supplied by 
The British Thomson Houston Company to 
British Post Office specification. Normally two 
sets are used in series; each set consists essen- 
tially of a 2,000-volt, 3-phase motor, coupled to 
two D.C. generators connected in series. Each 
250 kw. at 3,000 
The base plates of the sets are insulated 
from ground, and the mid-connection of the 
two generators of each set and the neutral point 
of the motor stator are electrically 
to the base plate. In this way the potential of 
any portion of the set to the frame is limited to 
3,000 volts D.C. When working in series, and 
for an anode voltage of 12,000 volts, the first 
base plate would be 3,000 volts above ground, 
The 
motor of each set is supplied through a separate 


dissipates 


motor with remote- 


generator has an output of 
volts. 


connected 


and the second 9,000 volts above ground. 


insulating transformer. Each generator is pro- 
tected by a high-speed circuit breaker, 
inserts a blocking resistance to limit the current 


which 


and, at the same time, trips the generator field 
contact. The action of this breaker is 
rapid, and a short circuit of the anode supply 


very 


to ground is of no consequence so far as the 
A general view of 
Two 


power supply is concerned. 
the machine room is shown in Figure 14. 
of the three high-voltage motor generator sets 
appear in the foreground. 
supply may be seen in the background. 


The sets for filament 


The impedance of the anode power source to 
the low-frequency currents taken by the ampli- 
fier, must be low in order to prevent remodula- 
tion by variation of the anode potential. This 
requirement is more difficult to meet in a single 
side-band system than in the ordinary system 
employing both side-bands and carrier. A large 
by-pass condenser capable of withstanding the 
full D.C. anode voltage is connected across the 
machines, in order to reduce the impedance of 
the source to a satisfactory value. This con- 
denser is shown in Figure 15. The high-voltage 
supply from the generator bus-bars is connected 
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to the radio transmitting room through high- 
voltage cables terminating in a steel cubicle 
provided with an earthing switch, a voltmeter, 
and an electrically-operated oil circuit breaker 


current of the tube is passed through a plate 
current meter. Provision is made also for 
reading the total grid current on each stage, 
and the peak alternating plate voltage on the 





Figure 14—Machine Room 


with overload and no-voltage trips. The no- 
volt trip coil of this switch forms part of the 
described in the next 


scheme of securities 


section. 


Controls and Protections 


In order that serious interruptions of the 
transmitter may be prevented, and that opera- 
tion may be efficient and continuous, it is 
obvious that the system must include an exten- 
sive arrangement of controls and protections. 
The whole of the Rugby control equipment is 
centralized and located at a control table, which 
can be seen in Figures 16 and 7. The arrange- 
ment of the control table is such as to enable the 
operator in charge of the transmitter to check 
easily the important voltages and currents, and 
to adjust those which need to be held constant 
within a narrow margin. Meters are arranged 
to read the individual plate current of any tube. 
For this purpose the current from the centre 
point of the secondary winding of each filament- 
heating transformer is connected to ground 
through a jack on the control table. By in- 
serting a dummy plug into this jack, the plate 





third stage. These meters occupy the first and 
second sections on the left of the control table. 
Those on the third section register the potential 
of the filament bus and the potential of the 








Figure 15—High Voltage Smoothing Condenser 


negative grid bus for the input equipment, the 
anode D.C. bus voltage, the total anode current, 
the negative grid polarizing potentials, and the 
filament primary voltage for the power amplifier. 
The next section comprises three high-frequency 
ammeters measuring the. antenna current and 
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the high-frequency currents in the inductive and 
the capacitative legs of the output circuit. 
Below these are five smaller meters, the first 
one reading the level of the incoming speech, the 
second the grid input voltage to the power 
amplifier, and the last three the peak amplitude 
of the antenna currents. The instrument on the 
last section indicates the water pressure. The 
various instruments on the vertical section of 


Rr eT 


Figure 16—Control Table 


the control table are thermometers registering 
the temperatures of the cooling water, and elec- 
tric clocks recording the life of the tubes. The 
thermometers have electric contacts which 
actuate relays when the temperature exceeds a 
safe value. Various machines can be started 
and stopped and circuit breakers opened or 
closed from the control position. 

The control circuits have interlocking features 
arranged to ensure that power is applied in the 
proper sequence and only under safe conditions. 
For example, it is not possible to close the fila- 
ment-heating circuits or the high-voltage oil 
switch without the correct amount of circulating 


water at a safe temperature; it is not possible to 


close the high-voltage switch without first 


applying the negative grid potentials and shut- 
ting the gates of the enclosure. When in oper- 
ation, the transmitter is protected against 
abnormal conditions by a number of interlocked 
relays. There is, for example, an overload relay 
connected in the lead from the mid-tap of the 
secondaries of each filament transformer. Any 
tube passing a plate current exceeding the safe 
limit for the tube, will operate a relay and trip 
the high-voltage switch. Safety air gaps are 
provided on the anode and the grid bus of each 
unit. If any one of these bus-bars attains a 
voltage exceeding a predetermined value, the 
gap will break down and a relay will trip the 
high-voltage D.C. oil switch in case of a spark 
at an anode gap, and the D.C. oil switch and the 
grid polarizing circuit breaker if a spark occurs 
at a grid gap. Relays are operated also by 
the flow and the temperature of the water. If 
the flow of water is not sufficient, or if the tem- 
perature is too high, both the high-voltage oil 
switch and the filament supply switches will be 
opened. 

If any unit is out of service the corresponding 
anode-disconnect switch is opened and the high- 
voltage D.C. bus-bar on the unit is grounded. 
This automatically closes contacts which render 
inoperative all the securities connected to that 
particular unit. This facilitates testing of the 
unit, since it is then possible to close circuits 
without regard to a given sequence, or to leave 
circuits open which normally should be closed. 

A feature incorporated in the control system 
which proved to be of great value, is the pro- 
vision of a number of small lamps operated by 
contacts on The lamps 
indicate the origin of any abnormal condition. 


the various relays. 





Signal-Strength Measurements 
By E. H. ULLRICH 


European Engineering Department, International Standard Electric Corporation 


N the progress which has been made during 

the past few years in placing radio trans- 

mission upon a quantitative basis, perhaps 
the most important factor is the development 
of means for accurately measuring the field 
strength of the transmitted and the received 
waves. An engineering undertaking such, for 
example, as a transatlantic radio telephonic 
circuit, cannot be economically installed and 
maintained unless measurements are made both 
of signal-strength and of atmospheric radio 
noise. Furthermore, measurements of signal- 
strength are essential in determining the radia- 
tion characteristics of a transmitting station and 
in locating receiving stations advantageously. 

The first type of signal-strength measuring 
set to be described is very simple and is intended 
only for the measurement of field strength near 
a transmitting station in order to determine its 
radiation characteristics. It consists of a re- 
ceiving loop with tuning condenser and a cali- 
brated tube-voltmeter to measure the potential 
difference set up across the loop as a result of 
the incoming signal voltage. When the tuning 
condenser has been adjusted to give maximum 
voltage across the loop, the signal-strength can 
be calculated as follows: 
Let V= Maximum potential difference across the 
loop. 
R=High frequency resistance of the loop 
and tuning condenser. 
L=Inductance of the loop in henries. 


- =Frequency of the incoming waves. 


i) 


T 

4=Wave-length of the incoming waves in 
metres. 

E=Signal-strength of the incoming waves 
in volts per metre. 

h=Effective height of the loop in metres. 

A=Area of the receiving loop in square 





metres. 
T = Number of turns of wire in the receiving 
loop. 
Then 
272 1 
wn [ =! 
V=hE| 1+ R 
and 
2x AT 
h= - 





The high frequency resistance is measured 
by a substitution method with apparatus that 
can be used also to find the antennae resistance, 
thus rendering possible an evaluation of the 
efficiency of generation of high frequency energy 
by a transmitting station. It consists simply of 
a shielded oscillator, loosely coupled to a sec- 
ondary circuit containing a variable known high 
frequency resistance, a thermo-junction and a 
tuning condenser. By adjustment of the vari- 
able resistance, the thermocouple current is 
made the same for the two cases: 


(1) When the output terminals of the sec- 
ondary are short-circuited. 


(2) When the circuit to be measured is con- 
nected across the output terminals. 


Provided that the secondary circuit is tuned in 
both cases, the difference in the variable re- 
sistance readings gives the high frequency resist- 
ance required. 

As the variation of high frequency resistance 
of one or both of the two tuning condensers 
might show appreciable variation with condenser 
setting, it is desirable that in Case (2) the tuning 
should be carried out by means of the condenser 
belonging to the loop. In other words, the con- 
denser used for tuning the secondary circuit in 
Case (1) should not be changed when the trans- 
fer is made to Case (2). The sensitiveness of 
the apparatus can be varied by adding resistance 
at the middle of the loop. Inasmuch as the 
deflection of a tube-voltmeter is roughly pro- 
portional to the square of the input and falls off 
rapidly as the distance is increased, the apparatus 
can be used successfully only in the immediate 
vicinity of a radio station. 

The second type of set, which is capable of 
measuring weak electric fields, has actually 
been used over the wide wave length range of 
40 metres to 18,000 metres, although its major 
use has been that of measuring transatlantic 
transmission on some 5,000 metres. The prin- 
ciple is described in the paper! read before the 

'“Radio Transmission Measurements,’’ by Bowen, 


Englund and Friis. Proceedings of the Institute of Radio 
Engineers, Vol. 2, No, 2. 
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Institute of Radio Engineers on March 21, 1923, 


although it was at that time restricted to the 
range of long wave-lengths of say 18,000—-5,000 
metres. 


Figure 1 illustrates the set connections 
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Fig. 1—Simplified Diagram of Long Wave Field 
Strength Set, Type 2 


schematically and Figure 2 shows the apparatus 
that has been used since the summer of 1924 at 
Chedzoy, Bridgwater, England, for the measure- 
ment of American stations between these wave- 


lengths. Some 20,000 observations of field 
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incoming signal, by the method of beats. The 
local voltage is obtained from a shielded oscilla- 
tor, the current output of which, after being 
measured with a thermo-junction, is passed 
through an artificial line of known variable 
attenuation and finally through the resistance 
at the centre of the loop. The local signal 
voltage, which is equal to the product of the 
known current and the known resistance, is ad- 
justed to equality with the incoming voltage, a 
superheterodyne receiver being used as an 
indicator. 
nals are being sent from the transmitting station, 
adjustment of the local signal may be made 
aurally during short periods of silence of the 
incoming note. If a station is being measured on 
traffic, a visual comparison is made, as it is then 


If prearranged continuous wave sig- 


desirable to turn the loop in order to remove 
the incoming waves while the local signal is 





Fig. 2—Long Wave Field Strength Measuring Set, Type 2 


strength between 18,000 and 5,000 metres have 
been made in England with apparatus of this 
type. The description, which follows, relates 
more particularly to the long wave set, the 
slight modification in the shorter wave apparatus 
being pointed out later. 

The signal received on the loop aerial is com- 
pared directly with a variable local signal intro- 
duced into the loop across a small resistance at 
its centre and set to the same frequency as the 





being adjusted. At Chedzoy a cathode ray 
oscillograph is employed, the respective voltages 
across the two pairs of plates being obtained by 
tapping across a resistance and condenser, 
respectively, in series in the output circuit of 
the receiver. The trace produced by a con- 
tinuous wave signal received under these condi- 
tions is an ellipse, the major axis of which may 
be measured. On account of the possibility 
of different noise-strengths in the two directions 
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of the loop, the aural method breaks down when 
the loop is rotated; in such a condition the ear 
is no longer accurate in its comparisons. 


The chief sources of error are the following: 


(1) The artificial line actually used is variable 
in steps of one mile of standard cable (i.e., 
a factor of 0.9) so that intermediate values 
cannot be obtained. 

(2) The personal error in adjusting the in- 
coming and local signals to equality. 

(3) The presence of harmonics in the local 
signal. The harmonics increase the cur- 
rent going through the thermocouple but 
they are not effective in setting up an 
appreciable voltage across the ends of the 
loop, which is tuned to the fundamental. 

(4) Attenuation of the local signal current, 
due to capacity between wires after it 
has left the artificial line. 

(5) Direct ‘“‘pick-up,”’ into the loop, of local 
signal, due to inductive or capacitative 
effects. 


No. (1) means that there is a 10 per cent. 
difference between two adjacent settings of the 
artificial line. It is possible so to choose the 
nearest setting that the error is not more than 
+5 per cent. For the purposes of the measure- 
ments, this was considered to be sufficiently 
accurate. The error can be made much smaller 
by making the steps of the artificial line less 
than one mile of standard cable 

No. (2) does not involve an error of more 
than about 2% per cent., except when, owing to 
the radio noise, the signal is not clearly audible. 

No. (3) can be made entirely negligible by 
employing an oscillator that is near the point of 
non-oscillation and using, if necessary, coupled 
tuned circuits. In the apparatus mentioned 
above, no elaborate precautions were taken, but 
the strength of the second harmonic was only 
3 per cent. of the fundamental. 

No. (4) is entirely negligible, on account of 
the low resistance (0.638 ohm) through which 
the circuit is closed, unless the out and return 
conductors are brought very close together for 
long distances. 

No. (5) in the long wave set is not discernible; 
in the short wave set it is just discernible but 
still quite negligible. It is known that state- 


ments to the contrary have been published, i.e., 


to the effect that the error involved in direct 
“pick-up” is 20 per cent., even under the most 
favorable conditions; and it is further known 
that these statements, made originally by in- 
vestigators on the assumption that the ap- 
paratus is not shielded, have been accepted by 
others as final and as applicable when the ap- 
paratus is shielded. These contrary suggestions, 
however, are not supported by present exper- 
ience. If the local signal oscillator is doubly 
shielded and if its inductances are made of 
toroidal windings on iron-dust cores, there is no 
detectable leakage at all to the receiving set at 
5,000 metres. It is further to be noted that if 
such leakage did exist, there would be no possi- 
bility of its being overlooked, for it would make 
itself heard in the telephones of the receiver or 
seen on the oscillograph. Even in the early 
hours of the morning, when radio noise has fallen 
to zero, when, in fact, a signal of 0.1 microvolts 
per metre at 57 kilocycles can be heard quite 
distinctly—although the minimum signal audi- 
ble through the noise in the afternoon is of the 
order of 1 microvolt per metre—no leakage at 
all can be detected. When it is borne in mind 
that sets can be operated successfully on just 
this same principle down at 40 metres, no further 
refutation of the suggestion that there is a 
“‘pick-up”’ error is needed. 

The short wave set already referred to is 
designed to measure weak fields over the range 
of 120 to 40 metres. This set, which was con- 
structed in the Bell Telephone Laboratories, 
affords striking testimony of what can be ac- 
complished by effective shielding. The inner 
brass box, in which the apparatus is mounted, 
has a removable back, held in position by a 
large number of screws placed at intervals of 
about half an inch. The whole is placed inside a 
second brass box. The meter recording the d.c. 
output of the thermocouple is mounted inside 
the set, so as to be visible from the front. The 
current divider, although of resistance wire with 
minimum inductance and distributed capacity, 
has had to be calibrated for frequency. 

The receiving set is a superheterodyne em- 
ploying four stages of high frequency amplifica- 
tion after the first detector. The ‘‘pick-up”’ is 
audible when the full amplification is used, but 
it is, of course, a constant error, not a percentage, 
and is quite unimportant even at 40 metres in 














a. eurows 





E 
I 
t 
‘ 




















ELECTRICAL COMMUNICATION 








comparison with the signals that traverse the function of the set is to obtain sufficiently 
Atlantic. accurate signal-strength measurements to aid 
Sets for the broadcasting range differ in certain in the choice of sites for broadcasting stations. 
respects from the preceding. They are portable 
and employ a potentiometer current divider 
instead of an artificial line. Figure 3 is a photo- 
graph of a set working over the range of 225 to 
2,000 metres and capable of measuring signals 
from about 10 to 100,000 microvolts per metre. 
The receiver is a superheterodyne set employing 
three stages of intermediate frequency amplifica- 
tion. As an indicator of the strength of the 
signal for adjustment purposes, a microammeter 
is plugged into the second detector, the steady 
plate-current of which is balanced out in the 
usual way. The connection between the local 
signal generator and the receiver is made by 
means of the brass-shielded connecting piece 
seen on the left of the set in Figure 3. The direct 
‘“‘pick-up”’ into the loop is just audible within 
the broadcasting wave-length range, but not 
large enough to be measured. No special pre- 
cautions have been taken for the elimination of 
harmonics in the local signal. A high degree of 
accuracy is not required inasmuch as the only 





Fig. 3--Portable Field Strength Measuring Set for the 
Broadcasting Range 
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In Memoriam 
Henry Fleetwood Albright 


Henry Fleetwood Albright, Vice President in Charge of Manufacturing and a director 
of the Western Electric Company, died in New York on Tuesday, May 11, 1926, at the 
age of fifty-eight. 

Mr. Albright’s connection with the Western Electric Company covered a period of 
thirty-four years. His outstanding contributions to the progress of the company were 
made while in charge of its manufacturing problems. He was largely responsible for 
building the great works of that company at Hawthorne, Illinois, near Chicago, which 
were begun in 1904. In this plant as many as forty thousand people have been employed 
at one time. His most recent achievement was the planning and construction of the new 
large works of the Western Electric Company at Kearny, New Jersey, near New York. 

His connection with the International Standard Electric Corporation and its prede- 
cessor companies dated from the year 1903 when he was consulted regarding the plans 
for the North Woolwich cable plant of the associated London Company. Beginning 
with that year, he also visited the plants of our associated companies in a number of 
European cities and studied general plans for future expansion, including not only prob- 
blems involving the acquisition of land and the erection of buildings but also details re- 
garding machinery and equipment. 

From time to time, he prepared ultimate detailed development plans for new tactory 
facilities at Antwerp and Paris. Certain of the buildings projected are now in course of 
construction, some have been completed and others are still to be erected. When as a 
result of post-war telephone expansion the associated London Company was faced with 
the necessity of increasing its manufacturing plant, he participated in the discussions 
which led to the choice of the site at Wembley. After the earthquake in Japan in Sep- 
tember, 1923, he visited Tokyo and advised on the ultimate plans for the reconstruction 
and development of the plants of the Nippon Electric Company, Ltd. In all these projects, 
he displayed great engineering knowledge and vision. 

Mr. Albright »as generally recognized as a pioneer in scientific management and in- 
troduced functionalization in manufacture. Previously each department in the shop had 
its own punch presses, lathes, drill presses, etc. He noticed that one department operated 
punch presses more efficiently than the others, another drill presses, and so on. There- 
after he had the best men on punch presses do that work for all departments and the 
same with other machinery. Thus each department confined its efforts to work which 
it could perform most efficiently. 

In business he was a hard man—towards slackers. He was abhorrent of alibis, but 
he once remarked that he always had increased respect for a man who frankly confessed 
a mistake. He was a driver but he drove no one as hard as himself and even those who 
thought him hard were forced to agree on one thing—that he was fair. 

The Board of Directors of the International Standard Electric Corporation has 
passed the following resolution as a mark of its respect and appreciation: 

Whereas, The Board of Directors of the International Standard Electric Corpora- 
tion, formerly International Western Electric Company, has learned with deep sorrow 
of the untimely death on Tuesday, May 11, 1926, of Henry Fleetwood Albright, a former 
director of this corporation. 

And Whereas, Mr. Albright has rendered great service to this corporation through 
many years and in many lands, in the design of manufacturing plants and in their opera- 
tion; and has given freely of his prudent, forceful and wise counsel; and further has left 
many warm friends on this board and among the officers and employees of this corporation ; 


Cherefure, on motion, duly made, seconded and unanimously carried it was 


Resolued, That this board record its deep appreciation of Mr. Albright’s long and 
conspicuous services in the foreign business of this corporation, and express its deepest 
sympathy to his family, and it was 


Further Resolued, That a copy of these minutes be sent to Mr. Albright’s family. 















































Time Clock Systems 


By W. G. BRITTEN 


Engineering Department, International Standard Electric Corporation 


NASMUCH as time is a controlling factor 

in the co-ordination of human activities, it 

is essential that there be a common time 
system in each community or nation in harmony 
with the systems used in other localities. Con- 
sequently, it is desirable that all time clocks in a 
community agree with each other and with the 
standard time in use elsewhere. A _ universal 
time system, which is capable of meeting these 
requirements with a high degree of accuracy, is 
described in this paper. 

The correct time of day is obtained by the 
observation of certain fixed stars which cross the 
meridian at a known time. In the United States, 
observation is made by the Government at 
certain centers from which time is transmitted 
electrically over land wires at noon each day to 
other distributing points throughout the country. 
It is also transmitted by wireless from various 
wireless stations thereby making it possible to 
obtain the correct time at least once each day 
on land and at sea. 

In determining the correct time, the passage 
of the star over each of several lines, which are 
marked on the transit telescope lens, is recorded 
on a chronograph as are also the second beats 
received electrically from a high grade, accur- 
ately adjusted master clock. By comparing 
these records on the chronograph the accuracy of 
the master clock is determined and_ proper 
adjustments are made in the regulation of the 
clock if any are necessary. 

The Washington master clock is equipped 
with contacts to transmit correct time over 
telegraph circuits to various important centers 
of the country where other master clocks owned 
and operated by the Telegraph Company are 
installed. By means of chronographs the ac- 
curacy of the several master clocks is compared 
once each day with the time received from the 
Washington clock. 

The transmission of time from the Wash- 
ington master clock is accomplished by means of 
contacts in the clock which are operated auto- 
matically to complete a cycle every five min- 
utes in the twenty-four hours as shown graph- 





ically in Figure 1. This figure represents the 
signals as they would be recorded on a chrono- 
graph where a pen draws a line on a sheet of 
paper, moving along at a uniform rate, and is 





Figure 1—Time Signals from Washington Master Clock 


actuated by an electromagnet to make a mark 
at each tick of the transmitting clock. Each 
day at 11:55 A.M. the clock circuits, operated 
from relays connected to the master clock, are 
closed and during four of the five minutes, 
second impulses are transmitted with silent 
periods during the 29th, 55th, 56th, 57th, 58th 
and 59th seconds as shown in the figure. During 
the fifth minute the transmission of second 
impulses differs from the first four minutes in 
that the last silent interval extends for a period 
of ten seconds from the 49th to the 59th second. 
The first impulse after the ten second silent 
period is exactly 12 o’clock noon. 

The several breaks in the second impulses 
enable those listening to a telegraph sounder or 
selector bell in a telegraph or telephone office 
to recognize the middle and end of each minute 
and particularly the end of the last minute 
with the ten second interval. 

The master clocks operated by the Tele- 
graph Company and located in important cities 
serve the purpose of furnishing correct time over 
large areas. By means of spring contacts in the 
clocks and necessary relay equipments, circuits 
are provided which repeat the time in several 
ways to meet various requirements. These 
consist of circuits over which second impulses 
are continuously repeated, circuits for synchro- 
nizing other clocks every hour and circuits for 
transmitting time during the five minute noon 
period as above described. 

One of the most important uses of this time 
system is the correction of time clocks in rail- 
way service where, in order to obtain successful 
railway operation, it is necessary that all clocks 
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and watches agree. Here the time is received 
by the railroad companies from the Telegraph 
Company once each day and is retransmitted 
by them over their own telegraph circuits and 
train dispatching circuits to all stations. The 
time circuit is connected direct to the telephone 
and telegraph circuits through repeating relays 
which repeat the second impulses in unison with 
the impulses received from the master clocks. 
The second beats are then received by each 
station through the means of telegraph sounders 
or selector bells which tap each time an impulse 
is received, making it possible to check the local 
clocks. If the clocks in the several stations are 
equipped with synchronizing mechanism they 
may be synchronized automatically. High 
grade clocks which are synchronized once each 
hour by the master clock are also usually 
located at railway division points by means of 
which the dispatchers and operators can furnish 
correct time and check time pieces whenever 
desired. In this way it is possible to keep all 
time pieces over the entire system in agreement. 

A complete clock system manufactured by the 
Self Winding Clock Co. for public and office build- 
ings, telephone exchanges, railroads, factories, 
universities or other organizations, consists in 
general of a number of clocks operated from 
one master clock and grouped in a manner some- 


CENTRAL 
MASTER CLOCK 


SECONDARY |MASTER CLOCKS 





Figure 2—Schematic of Complete Clock System 


what similar to Figure 2. The master clock is a 
high grade self-winding clock of the 60 beat 
mercurial compensated pendulum type shown in 
Figure’3 and known as the District Master 
Clock. The adjustments provided are such that 
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the clock can be made to keep very accurate 
Operation is continu- 


time over a long period. 
ous since winding is accomplished every hour 
by means of a small motor located in the clock 





Figure 3—District Master Clock 


and automatically operated through the closure 
of winding contacts. Three other sets of con- 
tacts may be provided to close at various 
intervals for operating and controlling, through 
suitable relay equipments, local master clocks, 
secondary clocks, switchboard clocks and time 
stamps. 

One set of contacts, called the synchronizing 
contacts, closes once each hour on the even 
hour and sends out an impulse which brings the 
local master clocks and program clocks con- 
nected to this circuit into synchronism with the 
District Master Clock. 

The second set of contacts is for operating 
secondary clocks of the electromagnet type. 
These contacts close twice each minute on the 
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20th and 40th seconds and for each closure the 
hands of all secondary clocks are stepped for- 
ward one-half minute. 

The third set of contacts is arranged to close 
ten times per minute at six second intervals 
and will operate magnetic switchboard clocks. 

An additional set of contacts, closing once each 
minute for operating time stamps, can be added 
to the master clock. 

In a system comprising a large number of 
clocks of various kinds it is desirable to use the 





Figure 4—Local or Secondary Master Clock 


master clock for synchronizing purposes only 
and install several local master clocks for oper- 
ating the several clock circuits. This prevents 
overloading the central master clock with con- 
tacts which might otherwise affect its accuracy 
and simplifies the system from a maintenance 
standpoint. 

The local or secondary master clocks, Figure 4, 
which are synchronized by the general master 
clock are regular clock units of the self-winding, 
120 beat movement type. They are so con- 
structed that the time is corrected once each 
hour by an impulse from the central master 
clock so that the maximum variation of the 
clock from correct time is the amount it is apt 
to gain or lose in one hour. This synchronizing 
is effected by an electromechanical resetting 
arrangement, forming part of each clock, which 
comes into phase for operation during a four 
minute period every hour. The period usually 
begins at two minutes to and ends at two 
minutes past the hour, these limits being suffi- 
cient to take care of the maximum _ hourly 
error which is ever apt to occur in a clock of 


this type. The requirements, however, are that 
the clock shall not gain or lose more than thirty 
seconds in twenty-four hours regardless of syn- 
chronization. At no other period is the synchro- 
nizing mechanism in phase for being operated 
so that it is not affected by currents which may 
pass over the line during periods outside the 
four minute intervals. This feature permits 
tests being made at any time when synchronizing 
impulses are not being transmitted. 

The secondary master clocks may be equipped 
with contacts for operating secondary clocks 
and switchboard clocks in the same manner as 
that described for the general master clock 
and contacts may be furnished also for controll- 
ing time stamps. 
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Figure 5-—Electromagnetic Clock used in Telephone 
Exchange 


The secondary clocks are of the same general 
appearance as the secondary master clock. They 
differ, however, in that the regular clock move- 
ment is replaced by a magnetic device for 
operating the clock hands. An impulse received 
from a central master or a secondary master 
clock twice each minute on the 20th and 40th 
seconds causes the magnetic device to advance 
the clock hand one-half minute for each im- 
pulse. The secondary clocks are therefore 
always correct with the master clock within the 
limit of twenty seconds and since they have 
no regular clock movements they require little 
attention. 































The electromagnetic clock shown in Figure 5 
is similar to a message register, familiar to 
telephone men, and gives the time in hours, 
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in order to be easily observed by the operator. 

Time stamps are necessary in commercial 
houses, telegraph offices, factories, etc., for the 
purpose of stamping the time of receipt or trans- 
mittal of papers and orders. For such purposes 
it is very desirable to record the correct time. 
This is possible with the electric time stamp 


NEW YORK when arranged to be controlled by a master 
clock. The mechanism in the body of the stamp 

‘ : ; 

; consists of a small electromagnet which advances 
the time indicator on the stamp once each 
minute in response to impulses received over the 
circuit from the master clock. The time stamp 
and a specimen ticket stamped by it are shown 
in Figure 6. 

The clock known as a program clock is a self- 
winding, pendulum type clock with or without 
synchronizing mechanism. In addition to fur- 
nishing time, by means of a standard dial, it is 
arranged with a mechanism for opening and 
closing one or two electric circuits at certain 

Figure 6—Time Stamp and Sample Stamping Attached definite intervals during the day. The duration 
of each closure is from three to five seconds and 
minutes and tenths of minutes. It differs from the time between closures is not less than five 
a standard type clock in that there is no regular minutes. Such a clock is suitable for auto- 
clock dial or clock movement and the time is matically ringing a large number of bells at 
read numerically. For example a reading of definite periods each day and the time of ringing 
To z : SECONDARY 
SECONDARY S MASTER CLOCK CENTRAL 
Set SYNCHRONIZING PIAGNET en 
[ = 
al a 
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To 
SWITCH BOAR 
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4 
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cLocn 
—— f+ 
a 
Pt cli 
: BELLS 
j . MH 
vn” 
10 OTHER RELAYS 
; Figure 7—Clock System, Wire Diagram 
3 
| 5 12086 would be interpreted as eight and six- is correct, within the slight variation of the 
3 tenths minutes after twelve o’clock. This type particular clock, when it is synchronized hourly 
a of clock is used quite extensively in telephone — by the central master clock. 
, ‘a exchanges for timing calls and therefore is There is another service derived from clock 


arranged to mount in the switchboard keyshelf 





systems which is valuable to jewelers. It con- 





sists of a circuit over which an impulse is trans- 
mitted each second in unison with the swing of 
a master clock pendulum. By means of sound- 
ers connected to this circuit jewelers may receive 
audible second beats which are desirable in 
connection with the general repair and manu- 
facture of clocks. 

In any clock system where a large number of 
clocks or time stamps are in operation it is 
necessary to transmit the impulses through relays 
as shown in the wiring sketch, Figure 7. By 
the use of relays the current passing through 
any set of contacts is limited to the proper 
amount thereby preventing contact trouble. 
Increasing the number of relays in a system 
permits an increase in the number of clocks with 
the result that one central master clock will 
operate a large number of local master clocks, 


secondary clocks and time stamps. 
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Repeater Station at San Guilian. 





The battery necessary for operating a clock 
system should consist of a continuous supply of 
at least 24 volts and of sufficient capacity to 
operate the ultimate number of clocks which 
may be installed. A 24 volt battery of 60 
ampere capacity is large enough to operate over 
a period of several days a system consisting of 
two master clocks, 24 secondary clocks, 24 
switchboard clocks and 50 time stamps. 

In the foregoing an attempt is made to show 
how time, regulated by master clocks, may be dis- 
pensed with great accuracy. It will be evident 
that the system described may be extended 
considerably and its application broadened to 
operate other electro-magnetic devices, such as 
whistles and sirens to indicate the beginning 
and end of working periods. Due to its great 
flexibility, all actions controlled by a_ time 
schedule may, in fact, be directed accurately by 
the master controlled clock system. 
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Spowart Enclosed Gear Type Earth Boring Machine 


By H. P. MILLER 


China Electric Company, Limited 


IGH wage scales and emphasis on cost 
reduction have prompted development 
in the last few years of many labor saving 
devices for the construction and maintenance of 
outside telephone plant. That their use is fully 
justified by the savings effected has been proved 
by experience. Economies result not only from 
a marked reduction in field forces and consequent 
decreased labor cost, both direct and supervisory, 
but also in capital charges during construction 
due to acceleration of the work. 
Among devices for outside plant construction 
work previously described,! the earth boring ma- 


The new Spowart model is readily convertible 
to regular truck service and consequently can be 
proved in by companies having no extensive con- 
struction program in prospect. 
differs from the earlier machine in the use of a 
standard construction truck body. It employs a 
modified design F. W. D. truck chassis and is 
equipped with the earth boring mechanism and, 


Essentially it 


when required, a derrick. Figure 1 shows a 
Spowart machine owned by a public utility cor- 
poration ready for service. 

The F. W. D. truck chassis is designed espec- 


ially to meet severe field conditions. Basically it 





Figure 1—Spowart Machine owned by Public Service Utility Corp. 


chine undoubtedly ranks among the foremost in 
the saving of labor and time in pole line con- 
struction. Within the past two years it has been 
found possible to increase its usefulness through 
greater flexibility in design; the improved device 
is known as the Spowart Enclosed Gear Type 
Earth Boring Machine. This paper describes the 
new machine and gives an indication of the re- 
sults that can be obtained by its use. 

' Use of Labor Saving Apparatus in Outside Plant Con- 


struction Work, Electrical Communication, Vol. II, No. 1, 
1923. 


is the same as the truck which proved so valuable 
to the Allies in the World War. 
mitted to all four wheels, thus insuring longer 
life, increased pulling power, and lower operating 
costs. 


Power is trans- 


The power from the motor follows through a 
multiple disc clutch to a jaw clutch type of trans- 
mission. With this transmission the gears are 
always in mesh and there is no chance of strip- 
ping them. At the rear of the transmission and 


driven by the transmission shaft is a rugged 
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sprocket which drives a five-inch silent chain. 
This chain runs over a second and larger sprocket 
inside of which is placed a center differential. 
From this differential, propeller shafts with in- 
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Figure 2—Truck Chassis—-Rear View 


tegral pinion gears transmit power to the bevel 
gears and full floating axles. The chassis speci- 
fications are as follows: 


6,000 Ibs, 
7,300 Ibs, 
4-cast in pairs 
434”’ bore 
516” stroke 
34”" offset 


Load capacity— 
Chassis weight— 
Cylinders— 


Tires— Solid: Front: 40’ x 7” single 
Rear: 40” x 5” dual 
Wheel base— 133" 
Tread— 56” 
Turning radius— 34’—6” 
Speed: High— 1534 miles per hour 
Intermediate 7% miles per hour 


Low— 
Control— 


21% miles per hour 

Left hand drive and right hand 
shift, H type shifting gate. 3 
speeds forward and_ reverse. 
Service foot brake operating on 
all four wheels. Emergency 
hand brake operates on rear 
wheel drums. 


Figures 2 and 4 show the front and rear of the 
truck chassis. 

The winch is driven by the truck motor 
through the truck clutch by means of a power 
take-off having gears in mesh with the transmis- 





sion gears. It has three speeds forward and one 
reverse and together with the variation in motor 
speed will permit of a cable speed of from 25 to 
250 feet per minute. It can be operated either 
at high speed with light loads or at low speed 
with heavy loads. The working cable pull is 
5,000 pounds and the maximum pull is 10,000 
pounds. 

All controls are located in the operator’s cab 
within easy reach of the truck operator, permit- 





Figure 3—Truck showing Winch in Position 


ting one man to operate both the winch and the 
truck. The lifting or lowering of the load can be 
stopped instantly by releasing the truck clutch, 
the design being such that the load cannot drive 
the winch. By releasing a positive dog type 
clutch controlled from the cab, the drum becomes 
free to rotate on its shaft, a feature which is use- 
ful in paying out manually. Figure 3 shows the 
winch in position, just to the rear of the cab. 

The body is of steel and hardwood construction 
with removable bows which can be stored in a 
special pocket at the front of the body. Steel 
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racks are provided for carrying ladders, wire, 
pike poles and other tools or construction ma- 
terials, also compartment lockers on each side of 
the truck for carrying hand tools, bolts, nuts and 
supplies. Lockers built beneath the body serve 
to carry shovels, picks, tamping tools and the 
auger shaft when it is not in use. On the rear of 
the body are attachments for mounting the der- 
rick and in addition a place is provided for carry- 
ing the derrick when knocked down. 

A tarpaulin cover open at the rear is provided 
for covering the entire body, including the sides 
and front. It is made of eight ounce duck, es- 
pecially treated for mildew and can be rolled up 
and carried in a place provided for it on top of 
the cab. Figure 4 shows the truck with the tar- 
paulin cover in place. 

The earth boring mechanism is of an enclosed 
gear type and is driven by the truck motor 


other; one rotates the auger shaft and the other 
the vertical movement of the auger rack. 


The auger is controlled by two levers placed at 
the rear of the truck and just to the left of the 
boring head in such a position as to permit the 
operator to see clearly every phase of the hole 
boring cycle. One lever controls the drive and 
another the feed. 


The boring heads, which can be rigidly locked 
in any desired position, are universal in move- 
ment and adjustable to 45 degrees in any direc- 
tion by means of a worm and sector on each head. 
The universal movement permits the auger racks 
to be quickly brought into a perpendicular posi- 
tion, regardless of the inequality of the ground. 
Levels are provided on each boring head to guide 
the operator in the leveling operations. Figures 
5 and 6 along with Figure 1 show the boring 





Figure 4—Truck with Tarpaulin Cover in place 


through a special transmission counter shaft. 
This permits full engine torque and the use of any 
desired speed of the truck transmission for every 
phase of boring operations. The truck counter 
shaft is extended by means of a propeller shaft 
to the boring machine counter shaft which carries 
the chain sprocket, driving up to the clutches of 
the boring machine proper. There are two gear 
trains in the horizontal section of the boring 
mechanism, one running within and through the 


mechanism and control levers with the auger 
rack in three different positions. 

The Spowart Earth Auger with a standard 12 
foot rack will dig a hole six to seven feet deep. 
Longer auger racks can be supplied for digging 
deeper holes where desired. One 20 inch and one 
24 inch auger are carried ordinarily for use with 
the 12 foot rack, but 16 inch and 30 inch augers 
are also available. For anchor holes a special 
three flight 8 inch auger is obtainable. 
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The boring machine is readily detachable from 
the truck body by loosening four U-bolts and 


Figure 5—Boring Mechanism and Control Levers with 
Auger Rack in Vertical position 


uncoupling the drive chain and control links, 
leaving the body clear of every obstruction. Re- 
placement of the boring unit can be accomplished 
easily and quickly. This makes the truck readily 
available for regular maintenance work and as 
an earth boring device in effect places it in the 
class of a tool rather than a heavy and costly 
machine. 

Only two men are required to handle both the 
truck and the boring machine throughout the en- 
tire cycle of boring the hole and setting the pole, 
although a third man as helper can be of consider- 
able assistance, such as in placing cable around 
the pole while the hole is being bored. 

Poles up to 35 feet in length can be set by using 
a derrick sheave attached to the top of the auger 
rack. For longer poles up to 75 feet, a tubular 
steel corner type derrick (Figure 7) is used. This 
derrick differs from the more common middle 
type derrick in that it operates along the right 
side line instead of the center line of the truck, 
thus permitting the use of the boring machine 


with the derrick in position. It is desirable to 
equip the truck with a corner type derrick due to 
the added facility with which short poles can be 
handled and to the advisability of being pre- 
pared to handle long poles when necessary. 

The F. W. D. truck chassis, used with the 
Spowart type borer has a draw-bar pull of 7,500 
pounds, with 40 inch tires. A pintle hook is 
attached to the rear of the truck and a trailer 
load of poles or crossarms can be hauled without 
interfering with the boring machine. 

Results obtained with the Spowart machine 
will vary according to differences in soil condi- 
tions and distances to be travelled between holes. 
Ordinarily digging holes by hand is the slowest 
operation in line construction; the Spowart 
machine on the average will bore holes and place 
poles at the rate of 75 or more per eight hour day. 
With all conditions favorable, a daily perform- 
ance with this machine as high as 100 holes bored 
and poles placed can be expected. Probably the 
best way to compare pole setting by the manual 
method with the machine method is to give 
briefly the experiences of a number of companies 
with earth boring machines. While the following 


Figure 6—Boring Mechanism and Control Levers with 
Auger Rack in Inclined position 








ee ae a TE 


a 
¥ 
4 
ae 
a 


FTAA DM 








ELECTRICAL COMMUNICATION 








figures are based on the older type machine, they 
should be applicable also to the improved type. 

The Postal Telegraph Company in the con- 
struction of a telegraph line from El Paso, Texas, 
to Los Angeles, California, used three machines, 
setting over 30,000 poles with an average saving 
of $5.00 per hole bored and pole set or a total 
saving of over $150,000. The best record for one 
of these machines was 283 holes bored and poles 
set in 16 hours, or an average of 3 minutes and 23 
seconds to bore a hole, set a pole, move the ma- 
chine 146 feet and get in position for the next 
hole. 

The Los Angeles Electric Company reported 
that in forty days they bored 1,000 holes and set 
the poles at a saving of between $4.00 and $5.00 
per hole bored and pole set while the Public 
Service Corporation of New Jersey reported an 
average saving of $3.00 to $4.00 per hole bored 
and pole set for two machines. Other cases 
might be cited but these are given as concrete 
examples to show that the savings effected are 
appreciable. 


The following table gives figures on one earth 
boring machine in each of three states during a 
period of about one year: 





Wisconsin| Michigan | Illinois 
Total Days Operated... . 99 111 84 
Miles Covered (Total)... 1068 2385 1679 
Poles Set (Total)........ 2764 2068 1852 


Poles per Day (Average).. 28 19 22 


Poles per Mile (Average) . 2.588 .867 1.103 
Miles per Day (Average) . 10.78 21.49 | 19.98 
*Hand Method Cost-Each| $ 4.56 $: 6:72 $ 8.33 
*Machine Cost—Each. . . 2.23 3.88 3:32 
Savings with Machine... . | 25 || 2.84 5.01 
Hand Method Cost(Total)) 12603.84 | 13896.96 | 15427.16 
Machine Cost (Total)....| 6163.72 | 8023.84 | 6148.64 
TOtal Savings .: «50.5.0 2s 6440.12 | 5873.12 | 9278.52 


*Includes placing pole in hole. Tamping, back filling, 
etc., not included, as this charge would be the same for both 
cases. Hand method includes supervision and tool expense 
at 35° of labor cost. 


Depreciation on earth boring machine figured 
at 25%. Interest on invéstment at 5%, taxes, 
repairs, garage rental, administration, insurance 
and operating expenses are included. 








Figure 7—Truck equipped with Tubular Steel corner 
type Derrick 


Conclusion 

It has been the endeavor in this article to 
describe the construction and operating features 
of the Spowart type earth borer and to give 
briefly data showing what economies can be ex- 
pected under average conditions. 

The Spowart type borer embodies improve- 
ments in design that are the result of several 
years’ field experience. It has been demon- 
strated conclusively that four wheel traction is 
of great advantage in getting the machine over 
the various types of soil and surface. Poles must 
be set in location regardless of soil conditions and 
the four wheel drive will carry a chassis to places 
where no two wheel drive truck could go. The 
borer will go through practically any soil except 
solid rock and even in that case, with slight 
changes, a rock drill can be attached to the auger 
to facilitate drilling for blasting charges. 

The ease with which the boring mechanism can 
be removed, making the truck ready in a few 
moments for use as a construction truck, is of 
particular interest to companies not having 
enough holes to bore each year to justify the 
purchase of a machine for hole boring and pole 
setting exclusively. It is believed that, in gen- 
eral, telephone or power companies having a 
minimum of 1,000 holes to bore annually, will 
find the Spowart type boring machine an eco- 
nomical investment. 








Development and Application of Loading for 
Telephone Circuits 


By THOMAS SHAW 
American Telephone and Telegraph Company 
and WILLIAM FONDILLER 
Bell Telephone Laboratories, Inc. 


Editor's Note: Conclusion of paper which appeared in part 
in the April, 1926, issue of ‘Electrical Communication.” 


H-63-P versus H-106-P Loading (Continued). 
It was found inadvisable to make a similar 
change in the H-44-25 loading system owing to 
cross-talk reactions following from the necessary 
use of higher repeater gains in the phantom cir- 
cuit. These undesirable reactions, though pres- 
ent to a lesser degree in the case of the H-174-63 
system were offset by the factors already 
described. The size of the H-25-P coil was, how- 
ever, reduced to conform to the potting method 
adopted for H-174-63 loading. 

‘From the standpoint of repeater circuits the 
H-174-63 system is inherently better than the 
H-245-155 system because of its higher velocity 
and higher cut-off, with resulting higher quality 
of transmission. Furthermore, as far as non- 
repeatered circuits are concerned, there is a 
negligibly small difference between the trans- 
mission performances, considering frequency 
distortion effects as well as volume efficiency 
effects. The standardization of the H-174-63 
phantom group loading system, therefore, 
marked the abandonment of use in new facilities 
of the old standard H-245-155 phantom-group 
loading system. 

Attenuation—Frequency Distortion. In addi- 
tion to their improved velocity and cut-off 
frequency characteristics, the H-44-25 and 
H-174-63 loading systems have an important 
advantage from the standpoint of attenuation- 
frequency distortion effects as is illustrated in 
Figs. 10 and 11. The frequency distortion 
effects illustrated in Fig. 10 may become very 
serious in very long lines. An indication of this 
is given in Fig. 11. The heavy line curves in this 
diagram illustrate the attenuation-frequency 


characteristics of a 500-mile 19 A.w.g. cable 
circuit involving the various types of loading 
noted, assuming that ‘‘perfect repeaters’’ are 





ATTENUATION LOSS-TU 
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used in each case to reduce the total line loss to 
10 TU at 1,000 cycles. The foregoing ‘‘perfect 
repeater’’ is assumed to have the same amplifi- 
cation at all frequencies. Of course, in order to 
have the same over-all efficiency in the different 
types of circuits at 1,000 cycles, it is necessary 
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Figure 11—Attenuation-frequency Characteristics of 


Short and Long Loaded Toll Cable Circuits Having a 
Net Attenuation Loss of 10 TU at 1,000 Cycles 


to assume different total amounts of repeater 
gain. The dotted lines in Fig. 11 illustrate cor- 
responding frequency characteristics of short 
non-repeatered cables having the same types of 
loading as before; in each case the length of 19 
A.w.g. cable circuit being chosen so that the non- 
repeatered circuits have the same loss (10 TU) 
at 1,000 cycles. A visual inspection of the dotted 
and heavy line curves indicates how the line 
losses pile up in long connections. In the old 
standard low cut-off loading, the accumulated 
losses in very long lines amount to a suppression 
effect for frequencies above 1,600 cycles. 

In very long lines having the newer grades of 
loading, the line losses are still sufficient to cause 
serious attenuation distortion effects if allowed 
to go uncorrected. The improved types of 
repeaters now used on long loaded circuits pro- 
vide somewhat higher gains at the upper speech 
frequencies, thereby obtaining approximately a 
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flat frequency characteristic over a wider fre- 
quency range. In repeaters used in conjunction 
with the H-44-25 loading, losses are introduced 
at the lower speech frequencies by auxiliaries 
to the repeater circuit, for the purpose of flatten- 
ing the frequency characteristic at low frequen- 
cies. An indication of the improvement obtain- 
able in the above ways is given by a dot-dash 
curve in Fig. 11, which illustrates the attenua- 
tion-frequency characteristic of a 500-mile H-44S 
circuit having the best types of repeaters now 


commercially available. 


In view of the difficulties brought into repeat- 


ered circuits by the use of loading, the question 


comes up: ‘“‘Why not use more repeaters and do 


without the loading?” In the case of long cable 
circuits the answer to this question is that the 
coil loading substantially improves the attenua- 
tion and substantially reduces the frequency dis- 


tortion at a cost which is much lower than the 


cost of the additional repeaters and distortion 


corrective networks which would be required to 


give the same grade of transmission without 
using loading. 

Long Repeatered Open Wire Lines. In the case 
of the long open wire lines, the present day 
answer to the foregoing question is unfavorable 
to the use of loading. The use of improved types 
of repeaters now makes it possible to secure 
better transmission results in long repeatered 
circuits without loading, than can be secured in 
loaded repeatered lines. In this connection it 
should be noted that in the case of non-loaded 
open wire lines the distributed inductance is 
sufficiently large to keep the attenuation- 
frequency distortion low. Also the velocity of 
transmission is very high relative to that of a coil 
loaded line and there is no cut-off effect except 
that produced by the filters and other apparatus 
in the repeater sets. 

These general transmission considerations are 
resulting in the removal of coil loading from high 
grade open wire lines. This dismantling work is 
being accelerated in order to adapt the open wire 
plant for a much more extensive application of 
carrier telephone and carrier telegraph systems. 

The present expectations are that in the future 
new applications of open wire loading will gener- 
ally be limited to isolated cases of short lines 
where carrier telephone or telegraph systems are 
not contemplated and where the maintenance 





and operating conditions are unfavorable to the 
use of telephone repeaters. 

Cable Loading Installation Features. Cost 
considerations make it desirable to use aerial 
cable in the long toll cable installations, so this 
type of construction is generally used in the open 
country. In the vicinity of large population 
centers, underground cable is used. 

Typical aerial cable loading installations are 
illustrated in Figs. 12 and 13. On the main 





Figure 12—Installation of Aerial Toll Cable Loading 
on 4-case “H” Fixture 


trunk cables two-pole H fixtures capable of 
supporting four to six large coil cases are usually 
required. Fig. 12 illustrates a fixture of this 
type designed for supporting four cases, three of 
which are already in place. On the smaller 
branch cables a single pole fixture such as illus- 
trated in Fig. 13 is commonly used. 

At the time a toll cable is installed, provision 
is made in the cable splices for the ultimate 
requirements as well as for the initial loading 
installation. Ordinary splices are made for the 
coils which are installed at the time the cable is 
placed, and ‘‘balloon”’ splices which provide the 
slack wire required for splicing are arranged for 
subsequent installations. 


III. Loading for Incidental Cables in Open 
Wire Lines 


In the loading applications discussed in the 
preceding sections, the primary purpose of the 
loading is to reduce line attenuation losses and 
frequency distortion effects. In the case of in- 
cidental pieces of cable in open wire lines, how- 
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ever, the primary function of the loading is to use of telephone repeaters, since in repeatered 
give the inserted cable approximately the same _ circuits, line impedance irregularities, by virtue 
impedance characteristics as the open wire line, of their effect upon the repeater circuit balance, 
in order to minimize reflection effects at the may reduce the effective repeater gain and 
thereby impair transmission by an amount much 
larger than the ordinary reflection loss. Prior to 
the general use of telephone repeaters, satisfac- 
tory results were obtained by using some one of 
the standard heavy or medium weight cable 
loading systems on the entrance and intermediate 
cables associated with loaded open wire lines, 
and a special weight of loading was used on the 
incidental cables in the non-loaded open wire 
lines. In some cases ordinary medium loading 
was used, with suitable types of step-up or step- 
down transformers at the terminals of the in- 
serted cable. 

Incidental Cables in Loaded Open Wire Lines. 
In toll entrance and intermediate cables asso- 
ciated with loaded open wire lines, the primary 
requirements for matching impedance are that 
the nominal impedance and the cut-off frequency 
Figure 13—Installation of Aerial Toll Cable Loading— of the cable loading and of the loaded open wire 

Single Pole Fixture for Small Branch Cables line should be closely the same. Toa first degree 

of approximation this means that the cable 

junction of the cable and the open wire construc- loading sections should have the same total 
tion. An incidental cable occurring at a line mutual capacitance as the open wire loading 
terminal is ordinarily known as a toll entrance — sections, which, of course, requires a very much 
or a terminal cable; when occurring at an inter- closer spacing. The cable loading system which 
mediate point, it is known as an intermediate was standardized for use in association with 
loaded open wire lines is designated ‘‘E-248-154’’. 































cable. 

The reduction of junction impedance irregu- Its primary electrical characteristics are given 
larities has become especially important during in Table XII. Besides meeting the impedance 
requirements for use in association with repeat- 











recent years as a result of the rapidly increasing 










TABLE XII 
Typical Loading Systems for Toll Entrance and Intermediate Cables 




































Loading —— Coil Coil | Nominal | Cut-off Attenuation Loss 
System Cizcnit Inductance | Spacing | Impedance | Frequency TU per Mile 
Designation — (Henrys) (Miles) (Ohms) (Cycles) at 1000 Cycles 
































Oo oi bkeectwsocin vows Side 0.028 1.09 650 7200 | 0.15\ 43 awe) 
Phantom 0.016 1.09 400 7800 | 0.13/ \°° “8 




















AIA esses digas Side 0.0041 0.176 600 45000 | 0.22) 43 awo) 
Phantom 0.0128 1.09 400 8500 eae W.g. 
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Phantom 0.025 1.66 400 4900 0.24/ A.w.g. 
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Phantom 0.154 1.09 1200 2500 OLO70( SOB) 





Note. Cable capacitance is assumed to be 0.062 uf per mile for side circuits, and 0.100 uf per mile for phantoms. 
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ered open wire lines, it is also very satisfactory 
with respect to attenuation characteristics. In 
placing this loading, it is customary to locate 
the first loading point in the cable at such a dis- 
tance from the last loading point in the open wire 
line that the total capacitance of the junction 
loading section is closely the same as that in the 
regular open wire loading sections. 

Incidental Cables in Non-Loaded Open Wire 
Lines. The problem of designing coil loading 
for incidental cables in non-loaded open wire 
lines is considerably more complicated than the 
case above discussed, primarily because it in- 
volves an impedance match between a smooth 
line and a lumpy line. Broadly stated, the first 
part of the problem is to design a loaded cable 
of such characteristics that its corresponding 
smooth line is closely similar to the non-loaded 
open wire line. The second and more compli- 
cated part of the problem is to determine the coil 
spacing. This usually involves some degree of 
compromise, because of the dependence of the 
impedance of a loaded cable upon the loading 
termination. 

The first general requirement is that the ratio 
of inductance to capacitance to resistance per 
unit length in the loaded cable should be the 
same as the corresponding ratio in the non- 
loaded open wire line. Ordinarily, the loading 
coil resistance does not play an important part 
in the determination of the optimum resistance 
for the loaded cable, the choice of conductor gage 
being far more important. From this point of 
view, No. 13 A.w.g. is practically the best gage of 
conductor for entrance cable circuits connecting 
with 165-mil open wire lines. For the optimum 
impedance match on cables connecting with 
104-mil open wire lines, it is necessary to use 
much higher resistance conductors, the choice 
between Nos. 16 and 19 A.w.g. conductors de- 
pending upon a number of factors which space 
limits do not allow to be discussed. 

As noted in the discussion under ‘‘Theory”’ in 
the first part of the paper, the characteristic im- 
pedance of a uniform line is substantially a pure 
resistance, having the value ~/L/C over the fre- 
quency range throughout which the inductive 
reactance per unit length is large with reference 
to the resistance. On the other hand, the 
characteristic impedance of a coil loaded cable 


varies over a wide range with frequency, 


depending upon the particular loading termina- 
tion used. 

Typical impedance-frequency curves for mid- 
coil and mid-section terminations are illustrated 
in Fig. 3. As will be seen from this diagram, the 
rising slope of the mid-section termination and 
the drooping slope of the mid-coil termination do 
not deviate greatly from a straight line relation 
for frequencies below approximately 0.5 of the 
cut-off frequency. The higher the cut-off fre- 
quency is, the more closely will the impedance- 
frequency characteristic of the loaded cable ap- 
proach the flat characteristic of the non-loaded 
open wire line over the range of frequencies 
involved in speech transmission. In this con- 
nection, it is to be noted that the repeaters now 
used on open wire lines are designed to transmit 
frequencies between approximately 200 and 
2,600 cycles. Of course, the higher the cut-off 
frequency, the more expensive will be the loading. 
Practical reasons make it desirable to space 
the loading coils on the cable circuits connecting 
with non-loaded open wire lines at the same 
intervals as the coils which are used on the cable 
circuits connected with the loaded open wire 
lines. This consideration, in combination with 
the nominal impedance requirement previously 
mentioned, fixes the cut-off characteristics and, 
hence, the slope of the termination impedance- 
frequency characteristic. 

These general considerations have led to the 
standardization of the E-28-16 loading system 
for use on entrance cable and intermediate cable 
conductors associated with non-loaded open wire 
lines. General data for this system are given in 
Table XII, and the computed impedance char- 
acteristics are illustrated in Fig. 14, which also 
gives the characteristic impedance curves for the 
non-loaded open wire line and the non-loaded 
cable. Since the E-28-16 loading system is a low 
impedance loading, the attenuation improve- 
ment is small relative to that of other types of 
loading system which are primarily installed for 
attenuation improvement. 

Table XII also gives general data regarding 
the M-44-25 entrance cable loading system 
which has been used to some extent as a sub- 
stitute for the E-28-16 loading system on cables 
connected to non-loaded open wire lines. The 
M-44-25 system used higher inductance loading 
coils and considerably longer spacing intervals 











than the E-28-16 system, and was consequently 
less expensive. The impedance characteristics, 
however, were not so satisfactory at the upper 
speech frequencies because of the greater slope 
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Figure 14—Typical Impedance-frequency Characteristics 
of Loaded and Non-loaded Entrance Cable and Non- 
loaded Open Wire Line 


of the impedance-frequency characteristic, due 
to the lower cut-off. 

Carrier Frequency Loading. 
entrance cable loading have been developed for 
use on incidental cables in open wire lines on 
which carrier telephone or carrier telegraph sys- 
tems are superposed. Loading system CE-4.1- 
12.8 listed in Table XII exemplifies this type of 
loading. The present standard carrier tele- 
phone systems operate up to frequencies of the 
order of 30,000 cycles.” 

In order to get satisfactory impedance and 
attenuation characteristics in the loaded inci- 
dental cables, a cut-off frequency of approxi- 
mately 45,000 cycles is used. 

The highest working frequency in carrier 
loaded cables is approximately 0.75 of the cut- 


Special types of 


*3 “Carrier Current Telephony and Telegraphy,” E. H. 
Colpitts and 0. B. Blackwell, Trans. A. I. E. E., Vol. 40, 
1921, p. 205. 
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off frequency. The ordinary mid-coil and mid- 
section terminations do not give sufficiently close 
approximation to a flat impedance-frequency 
characteristic over this wide range of frequencies, 
so it has been necessary to use at the terminals 
of carrier loaded cables, a simple impedance 
corrective network. 

Data regarding attenuation losses in a typical 
carrier loaded cable are given in Table XIII. 


TABLE XIil 


Carrier Frequency Loading 


Attenuation Loss-TU per 


Mile (13 A.w.g. Cable) Resistance- 


Frequency Ohms per Car- 





EASUDIN NCS yo ae a ee rier Loading 
Non-Loaded | C-4.1 Loading Coil 
1 0.49 0.23 Le 
5 0.78 0.27 1.6 
10 0.90 0.33 La 
20 1.14 0.52 4.1 
30 hoy 0.90 8.1 


For purposes of comparison similar data are 
given on a corresponding non-loaded cable. 
Effective resistance values of the carrier loading 
coil are also included. 

The high frequency loading is used only on the 
side circuits, since at the present time it is not 
customary to operate carrier telephone systems 
over phantom circuits. The associated phantom 
circuit loading is designed for ordinary speech 
transmission. In order to transmit the high 
frequency carrier currents over the side circuits, 
it is necessary to have the side circuit loading 
coils spaced much more closely than for the 
ordinary voice frequency loading coils in the 
phantom circuit. On this account the theoretic- 
ally best loading points for the carrier circuits 
frequently occur at places where it is inconven- 
ient to locate the loading coils. The actual load- 
ing sections in such cases are made shorter than 
the theoretical lengths, and the deficiencies in 
loading section capacitance are remedied by 
adding lumped capacitances in the form of 
“‘building-out condensers.’”’ Recently, special 
types of stub cable designed specially for building 
out purposes have come into use as substitutes 
for building-out condensers. 

Loading Coils. The design of the coils used in 
the E-28-16 and M-44-25 loading systems is 
generally similar to the toll cable loading coils 








eT 














ELECTRICAL COMMUNICATION 





having 35-permeability compressed powdered 
iron cores already described. The loading coils 
used in the E-248-154 loading system are larger 
coils of the air-gap type 65-permeability wire 
core construction listed in Table VII. 

As regards the carrier loading system, CE-4.1- 
12.8, since this involves the transmission through 
the loading coils of frequencies up to 30,000 
cycles or somewhat higher, special coil designs 
are required. The coil which loads the audio 
frequency phantom circuit, aside from being 
specially balanced for association with the side 
circuit coils, is generally similar in construction 
to the compressed powdered iron core phantom 
coil for toll cables. 

The side circuit coil, however, is used for load- 
ing the high frequency circuit, and more severe 
requirements are, therefore, imposed on it owing 
to the multi-frequency transmission. Ordinarily 
the circuits are equipped to provide three or four 
-arrier telephone channels or 10 carrier telegraph 
-hannels over a pair of wires, in addition to 
the ordinary audio frequency telephone and 
grounded telegraph channels. The primary 
added requirements as regards the loading coils 
are freedom from intermodulation between 
channels, and low energy losses at carrier fre- 
quencies. The most satisfactory solution as 
regards freedom from magnetic modulation is the 
avoidance of the use of ferro-magnetic core 
materials. The side circuit loading coils were, 
accordingly, designed as toroidal wood core coils, 
with finely stranded copper windings in order to 
limit the eddy-current losses. Data regarding 
resistance-frequency characteristics are included 
in Table XIII. 

The air core side circuit coils have a small 
leakage inductance which must be allowed for 
in determining the phantom coil inductance. 
For this reason the phantom coil inductance is 
lower than in the E-28-16 system (Table XII). 
In order to avoid impedance irregularity in the 
carrier circuits at the phantom loading points, it 
is necessary that the combination carrier-phan- 
tom loading units should have closely the same 
total inductance and shunt capacitance as the 
ordinary carrier loading coils. This requires the 
use of a different type of carrier loading coil at 
the phantom loading point from that at the non- 
phantom loading points, having a lower induc- 
tance and capacitance corresponding to the 





leakage inductance and shunt capacitance of the 
associated phantom coil. Other refinements of 
design are involved in these combination loading 
units.*4 


IV. Cross-Talk 

One of the greatest practical difficulties which 
has been encountered in extending the commer- 
cial range of long distance telephone service is 
that of keeping at a tolerably low value, the 
speech overhearing effects known as cross-talk, 
which occur between adjacent telephone trans- 
mission circuits whenever there is an appre- 
ciable amount of electromagnetic or electro- 
static coupling between them. 

From the early days of telephony great care 
has been exercised in plant design and con- 
struction work to avoid circuit and apparatus 
unbalances, but as is to be expected from the 
nature of the problem, it is practically impossible 
to obtain and maintain absolutely perfect bal- 
ance. In short telephone circuits, there is no 
particular difficulty in keeping the unbalance 
effects small enough so that the over-all cross- 
talk is not serious. As the length of the line 
increases, however, there are more and more 
opportunities for unbalances in the lines and in 
the associated apparatus in the lines and offices. 
In repeatered lines, moreover, the repeaters 
amplify the cross-talk as well as the speech trans- 
mission. Thus we have the cumulative effects 
of cross-talk from successive sections in the long 
repeatered lines. From the service standpoint, 
moreover, it is necessary that the cross-talk in 
the very long lines should be within the limits set 
for the shorter lines. 

The problem of keeping cross-talk low between 
a phantom circuit and its associated side circuits, 
and between the two associated side circuits of a 
phantom group, is by far the most difficult phase 
of the general cross-talk problem in long repeat- 
ered cables. It is present in the cables, the load- 
ing coils, the terminating apparatus and the 
office cabling. Of these, the cable and associated 
loading coils are the major sources of unbalances. 

The phantom-to-side and side-to-side cross- 
talk unbalances in the cable quads are reduced 
to small values by exercising great care both in 
the various manufacturing processes and in the 


*4U. S. Patents Nos. 1,501,959, Martin and Shaw; 
1,501,926, Shaw. 











selection of raw materials. When the cable is 
installed in the field, a large improvement in 
cross-talk conditions is secured by splicing adja- 
cent lengths of cable together in such a way that 
the unbalances in one length of cable substanti- 
ally neutralize the unbalances contributed by the 
adjacent length of cable. Usually, three such 
‘“‘capacity-unbalance test’? splices are made at 
symmetrical points in each loading section and 
as a result the average over-all capacity unbal- 
ance in a loading section is reduced to about 
one-tenth of the magnitude which would hold if 
these test splices were not made. 

In the design of the standard phantom circuit 
and side circuit loading coils, special care was 
taken to make them substantially free from in- 
herent unbalances. Also in the manufacture of 
the coils, great care is exercised to realize the 
benefits of the inherent symmetry of the de- 
signs. In the early days before telephone re- 
peaters came into general use on loaded lines, 
satisfactory results from the standpoint of self 
inductance and mutual inductance unbalances 
were obtained by adjusting the different windings 
to the nearest turn; i.e., a condition of balance 
where either adding or subtracting one turn to 
one of the line windings would increase the 
cross-talk rather than reduce it. 

Later when repeaters came into general use, 
it was found necessary to obtain much more 
refined adjustments. Further improvements 
have been worked out in manufacturing methods 
and processes which allow a greater degree of 
symmetry. As a result of these various im- 
provements, the phantom-to-side cross-talk un- 
balances in the loading coils have been reduced 
approximately 75 per cent. or more below the 
values obtained before repeaters came _ into 
general use on small gage toll cable. The coil 
cross-talk unbalances are now nearly as low as 
the cross-talk unbalances in the associated cable 
sections after the completion of the capacity 
unbalance test splicing. 

The loading coils used in the very long circuits 
having H-44-25 loading obviously are more im- 
portant from the standpoint of cross-talk limita- 
tions than the coils used in the shorter circuits 
having H-174-63 loading, and somewhat greater 
care is required in their manufacture. These 
coils are adjusted and tested in a factory test 
circuit which at the cross-talk test frequency 
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service 


impedance conditions. 


simulates the 
In the phantom-to-side cross-talk test, the dis- 
turbing test current is superposed on the phan- 
tom circuit, and measurements of the cross-talk 
are made in the side circuits, the cross-talk being 
expressed in millionths of the current into a 
transformer connected to the phantom circuit 
and of such ratio as to make the impedance at 
its input equal to that of the side circuit. As 
a result of the improvements previously men- 
tioned, the average cross-talk in the coils used 
for the H-44-25 loading is now about 20 mil- 
lionths. This corresponds to an attenuation of 
about 95 TU. 

To assist in visualizing the real achievement 
which this minute value of phantom-to-side 
cross-talk represents, Table XIV gives informa- 
tion regarding the cross-talk of different ele- 
mentary types of unbalance in H-44-25 loading 
coils: 

TABLE XIV 
Cross-talk Due to Unbalance in H-44-25 Loading Coils 


Type of Unbalance | Amount of Cross-talk 





1 ohm resistance 400 millionths ( 68 TU) 
1 micro-henry inductance | ae ee (112 TU) 
1 turn of winding | 280 a C7170) 
1 micro-microfarad capacitance) 0.94 “ (121 TU) 


These values apply at 1,000 cycles. 

In the loading coils designed for H-174-63 
loading, the cross-talk per unit of electromag- 
netic unbalance tends to be smaller and the 
cross-talk per unit of electrostatic unbalance 
larger, in rough proportion to the differences in 
line impedance between the H-44-25 and H-174- 
63 circuits. 

Side-to-side cross-talk is uniformly lower than 
phantom-to-side cross-talk, as would be expected 
from the less intimate coupling between circuits. 
Accordingly, the special adjustments which are 
made are primarily for the purpose of reducing 
phantom-to-side cross-talk. 

In the loading coils intended for H-44-25 cir- 
cuits the special cross-talk adjustments are 
applied for minimizing ‘‘far-end’’ cross-talk or 
for minimizing ‘‘near-end’’ cross-talk, according 
as the coils are required for four-wire or two-wire 
repeatered circuits, respectively. The term 
“‘far-end”’ cross-talk applies to cross-talk heard 
at the distant end of the disturbed circuit, and 
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correspondingly the term “‘near-end”’ cross-talk 
applies to the cross-talk heard at the end of the 
disturbed circuit near the talker. 

Considering now the cross-talk between four- 
wire circuits in the same quad, it is to be noted that 
the directional effects of the telephone repeaters 
block the transmission of cross-talk in the one-way 
path back to the near end of the circuit, and con- 
sequently the special cross-talk adjustments on 
the coils for four-wire H-44-25 circuits are made 
primarily for reducing far-end cross-talk. 

In two-wire circuits, near-end and far-end 
cross-talk both occur, and generally near-end 
cross-talk is much greater because its ‘‘average”’ 
cross-talk path has less attenuation than that of 
the far-end cross-talk. Consequently, the special 
cross-talk adjustments made in the two-wire 
circuit coils are for the purpose of reducing the 
near-end cross-talk to a minimum. 

In the foregoing connection, it is to be noted 
that the cross-talk current caused by electro- 
magnetic unbalances flows around the two ends 
of the disturbed circuit in series. On the other 
hand, the cross-talk current caused by electro- 
static unbalances divides and flows from its 
point of origin in opposite directions around the 
two ends of the circuit in parallel. Consequently, 
when electrostatic and electromagnetic cross- 
talk currents are in phase at one end of the cir- 
cuit, they will be practically in phase opposition 
at the other end of the circuit. The special cross- 
talk adjustments are made in such a way as to get 
the maximum benefit from the phase opposition 
at the particular end of the circuit where the 
reduction is more important. 

In the four-wire type of circuit used in very 
long cable circuits, relatively large amplification 
gains are possible in the repeaters because of the 
characteristic circuit feature which allows the 
repeaters to act as one-way amplifiers. As a 
result of these high amplifications, there are 
large differences in power level on the input and 
output sides of the repeaters. This fact has 
made it desirable for cross-talk reasons to segre- 
gate the oppositely transmitting branches of the 
four-wire circuits. In the cables, the ‘‘east- 
bound” and ‘‘west-bound”’ branches of the four- 
wire circuits are in different groups. This segre- 
gation is also carried out in the loading coil pots, 
and in the office cabling.” 

** U.S. Patent No. 1,394,062—O. B. Blackwell. 





With loading coils as manufactured at present, 
the cross-talk unbalances in the loaded cables are 
such that the resultant over-all cross-talk is 
expected to be tolerable for the longest circuits 
now definitely planned in cable. The margin 
below commercial limits is much less in two-wire 
circuits than in four-wire circuits. At present, 
there is a growing tendency to use two-wire 
circuits for longer distances than formerly, for 
reasons of plant economy. This trend thus 
increases the severity of the cross-talk require- 
ments. 

Unbalances in loaded circuits which contribute 
to noise due to induction from power transmis- 
sion and distribution circuits are similar in nature 
to those contributing to cross-talk. The pre- 
cautions which are taken in the design, manu- 
facture, and installation of loaded circuits to 
reduce unbalances have the effect, therefore, of 
reducing both cross-talk and noise. 


V. Telegraphy Over Loaded Telephone 
Circuits 


It has been the practise in the Bell System, 
before the advent of loading, to employ circuits 
for simultaneously transmitting telephone and 
telegraph currents. Two methods were in general 
use, (1) the composite system, in which each line 
wire of the telephone circuit provided a tele- 
graph channel with ground return, and (2) the 
simplex system, in which the two conductors in 
parallel were used with a ground return. 

It was very desirable to continue to superpose 
d-c. telegraph currents on telephone circuits 
after the introduction of loading. The possible 
detrimental effects of the superposed telegraph 
and telephone currents passing through the 
loading coils did not require serious considera- 
tion so long as the circuits were relatively short, 
since the magnetic modulation in the loading 
coil cores due to superposed hysteresis effects 
was sufficiently small to be negligible. As the 
length of the loaded circuit was increased, the 
interaction between the telegraph and telephone 
currents which has been designated in an Insti- 
tute paper ** as ‘“‘flutter,”” was aggravated and 
serious distortion of speech resulted. 

Measurements of flutter effects obtained with 

26 “Hysteresis Effects with Varying Superposed Magnet- 


izing Forces,”’ W. Fondiller and W. H. Martin, Trans. 
A. I. E. E., Vol. 40, 1921, p. 443. 
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the two grades of core material then in use, viz., 
65-permeability and 95-permeability wire, 
showed the lower permeability core material to 
be substantially better in this respect. This 
material has already been adopted for the high 
efficiency loading coils used on the large gage toll 
cable circuits, and for open wire lines used in 
spanning considerable distances. 

In order to obtain improved transmission over 
composited and loaded Nos. 16 and 19 A.w.g. 
cables, the side circuit and phantom loading 
coils for this grade of service were redesigned in 
1913 to employ 65-permeability cores working to 
the same over-all dimensions. In addition to 
improved flutter characteristics, the replacing 
luading coils had somewhat lower iron losses, 
and their cost was slightly higher. 

A substantial reduction in flutter distortion 
effects was later obtained in superposed tele- 
graphy over loaded open wire lines and long 
coarse gage cable circuits, with the adoption of 
the air-gap type of loading coils already de- 
scribed (Table VIII) as the latter had consider- 
ably better hysteresis characteristics than the 
corresponding types of continuous wire core 
coils which they superseded. 

The operating requirements for the grounded 
telegraph systems referred to above, necessitated 
the use of telegraph currents of very large am- 
plitude relative to the telephone currents; conse- 
quently on such circuits it was impracticable to 
realize the benefits of reduced flutter distortion 
which would have resulted from the use of small 
amplitude telegraph currents. These possibili- 
ties, however, have been fully realized by the 
development of a metallic polar duplex telegraph 
system 2? to meet the special requirements im- 
posed by superposed telegraph operation over 
long small gage telephone circuits. In this sys- 
tem, the superposed telegraph current is of the 
same order of magnitude as the telephone cur- 
rent. Under these favorable operating condi- 
tions, the flutter distortion effects caused by 
modulation in the cores of the present standard 
35-permeability compressed iron powder core 
loading coils, are within satisfactory limits on the 
longest circuits which are used simultaneously 
for telegraph and telephone service. 


27 “Metallic Polar-Duplex Telegraph System for Cables,”’ 
Messrs. Bell, Shanck and Branson, Trans. A. I. E. E., 
44:337, 1925. 


The recent development of a voice frequency 
carrier telegraph system * providing 10 or more 
independent channels over a loaded four-wire 
cable circuit has made it economical to concen- 
trate a large part of the telegraph service over 
the long repeatered cables on a special group of 
wires which are not used simultaneously for tele- 
phone purposes. This method of operation ob- 
viously eliminates all possibility of modulation 
effects between the carrier telegraph circuits 
and the speech transmission circuits. However, 
the possibility of intermodulation effects be- 
tween the different superposed carrier telegraph 
channels involves the same fundamental re- 
quirements in the loading coils as when the tele- 
graph circuits are superposed on telephone cir- 
cuits. The requirements of these systems are 
satisfactorily met by the 35-permeability com- 
pressed iron powder core loading coils now 
standard for use in toll cable loading. 


VI. Recent Improvements in Loading for 

Exchange Area Cables 

The developments discussed in the preceding 
sections were directed to improving and ex- 
tending the range of long distance telephone 
service. During the greater part of this period 
the loading standards for exchange area trunk 
cables remained fixed. The first important 
change occurred about 1916, when compressed 
powdered iron core coils came into general use 
in place of the old standard wire core coils. 

In the period 1922-4, the use of new types of 
fine wire cables had reached a point which re- 
quired that certain changes be made in the old 
standard loading systems. Accordingly a new 
series of improved loading systems having a 
considerably higher cut-off frequency than the 
original standard systems, described in Table IT, 
were developed. 

Cable Developments. Notable advances have 
been made in the art of cable manufacture during 
the last decade or so, including the standardiza- 
tion of 450-pair 19-A.w.g. cable, 900-pair 22- 
A.w.g. cable, and 1,200-pair 24-A.w.g. cable, all 
contained in standard full size sheaths (25¢ in. 
outside diameter). For each of the conductor 
gages involved, each of these new maximum size 

8 ‘‘Voice-Frequency Carrier Telegraph Systems for 


Cables,’’ Messrs. Hamilton, Nyquist, Long and Phelps, 
Trans. A. I. E. E., Vol. 44, 1925, p. 327. 
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cables has approximately 50 per cent. more con- 
ductors than the previous maximum size cable, 
typified by the old standard 300-pair No. 19- 
A.w.g. or 600-pair No. 22-A.w.g. cables. 

The newer types of cables have a smaller 
amount of paper insulation on the individual 
conductors with a resultant increase in mutual 
capacitance. 

About 1921 the methods of stranding the 
newer types of fine wire cables (No. 22 and 24 
A.w.g.) were changed in order to improve their 
balance characteristics. These changes made 
the cables suitable for the application of loading. 

The use of the old standard loading systems 
on the new types of cables would have resulted 
in an objectionable impairment of quality, due 
to the reduction of the cut-off frequency resulting 
from the increased cable capacitance. Also the 
types of coils available were more expensive than 
could be justified for permanent standards on 
the low cost fine wire cables. Accordingly the 
development of new loading systems and less 
expensive coils was undertaken. 

Determination of New Cut-Off Frequency Stand- 
ard. The coil design cost-balance study was 
taken up as one phase of a general transmission- 
cost study of exchange area transmission, which 
also included a theoretical investigation of cut- 
off frequency standards. 

In this work use was made of recent investi- 
gations of the effect of variations in the fre- 
quency distortion and volume efficiency of a 
telephone circuit on the capability of the circuit 
to transmit and reproduce intelligible speech. 

In the cost studies, allowance was made for 
the reduced costs of the new types of cable facili- 
ties, and the use of less expensive types of coils 
proportioned to be in approximate cost-equili- 
brium with these facilities. On the basis of these 
new cost relations, it was found that an increase 
in the cut-off frequency of exchange area loading 
could be justified. Further studies showed that 
if the cut-off frequency should be raised ma- 
terially above 3,000 cycles the increased costs 
would be large in proportion to the resultant 
improvement in transmission. On this basis, it 
was decided to adopt 2,900 cycles as the cut-off 
frequency standard for the new loading, when 
used on higher capacitance cables. This cor- 
responds to a cut-off frequency of approximately 





3,200 cycles on the older types of low capacitance 
cables. 

New Standard Loading Systems. Having de- 
cided upon a new cut-off frequency standard, 
the next step was to choose coil spacings and 
inductance values. Obviously, in order to make 
full use of available loading manholes and vaults, 
it is desirable to adhere to the established spacing 
standards. Also, it is desirable to make as much 
use as practicable of the old standard loading coil 
inductance values, in order to minimize the ex- 
pense of rearranging the existing loading to con- 
form to the new standards. Furthermore, there 
are important advantages in having a graded 
series of standards. This avoids economic waste 
otherwise involved in the use of expensive loading 
on trunks where a less expensive loading is good 
enough. 

The foregoing general considerations resulted 
in the standardization of certain new loading 
systems, the principal transmission features of 
which are summarized in Table XV. 


TABLE XV 


New Loading Standards for Exchange Area Trunks 





| Approx. Cut-off Frequency 








Loading Coil | Coil __(Cycles)) 
Desig- Spacing Code High eeu 
nation (Feet) Nos. Capacitance | Capacitance 

Cable Cable 
M-88 9000 602 2900 3200 
H-135 6000 603 2800 3200 
H-175 6000 574 —— 2800 
D-175 | 4500 574 | 2900 3200 


Note. High capacitance cable has approximately 0.083 
uf per mile. Low capacitance cable has approximately 
0.066 wf per mile. 


The M-88 system is especially suitable for the 
shorter lengths of fine wire trunk cables which 
constitute the predominating bulk of the ex- 
change area trunk mileage. In longer trunks, 
the other more expensive loading systems find 
their field of service. The H-175 system is 
limited to low capacitance cables because of the 
lower cut-off effects on high capacitance cables, 
but has considerable commercial importance 
because of the large number of low capacitance 
cables now in the plant. 

Table XVI gives general transmission data on 
typical exchange area trunks using the new 
loading systems, including also non-loaded 
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TABLE XVI 


Transmission Characteristics of Typical Exchange Area Trunks 























Cable C: . re Cut-off Circuit | Attenuation 
Conductor aPMile System Coil Code Frequency | Impedance | Loss 

A.w.g. ee No. (Cycles) (Ohms) | TU per Mile 

24 0.079 Non-loaded a ; — 740 2:2 

22 0.083 — 570 | 1.8 

24 0.079 M-88 602 2900 | 900 1.48 

22 | 0.083 M-88 602 2900 990 0.96 

22 0.083 H-135 603 2800 | 1300 0.68 

19 0.085 Non-loaded — | | 400 | 27 

22 0.083 D-175 574 2900 | 1690 O58 

19 0.083 M-88 602 | 2800 860 0.51 

19 0.085 H-135 603 | 2800 1280 | 0.38 

19 0.066 H-175 574 2800 1640 | 0.29 

19 0.085 D-175 574 2800 | 1680 0.30 

16 0.066 M-88 602 3200 | 960 0.24 

16 0.066 H-135 603 3200 1420 0.20 

16 0.066 H-175 574 2800 1640 { 0.17 
Note. The impedance and attenuation figures hold at 1000 cycles. Impedance values for loaded circuits assume 


mid-section termination. 





trunks. Attenuation-frequency characteristics 
of some of these trunks are given in Fig. 15. A 
dotted line curve shows the characteristics of 
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Figure 15—Attenuation-frequency Characteristics of 


Typical Exchange Area Loaded and Non-Loaded Cables 


the old standard medium loading when used on 
0.065 uf per mi. No. 19 A.w.g. cable. 

The position of the different types of facility 
in Table XVI indicates in a general way the 
sequence in regard to costs of the different types 
of facility; i.e., No. 24-A.w.g. non-loaded cable 
circuits are the least expensive of those listed and 
H-175 loaded No. 16-A.w.g. cable the most ex- 
pensive, the intermediate facilities being cor- 
respondingly intermediate in cost. 

In general, it will be noted from Table XVI 
that the facility cost is in reverse order to the 


transmission efficiency. However, there are ex- 


ceptions to this general tendency: for instance, 
non-loaded 


No. 19-A.w.g. cable is less effi- 












cient and more expensive than No. 22-A.w.g 
cable with M-88 or H-135 loading. From this 
it will be apparent that non-loaded No. 19-A.w.g. 
cable has practically no economical field of serv- 
ice on a competitive basis with loaded No. 22- 
A.w.g. cable. 

The problem of the plant engineer in laying 
out trunk cable is to determine for each trunk 
group the type of facility which will meet the 
established transmission standards with the 
lowest cost. The permissible loss in a given 
length of trunk in a particular area depends on 
the type of service involved; for instance, a 
larger loss is allowable in a direct interoffice 
trunk than in other types of trunks forming 
part of a toll connection. 

The allowable loss for a given length and type 
of trunk varies widely among _ different 
metropolitan areas, due to local conditions. 
These limits are established by means of “‘loop- 
and-trunk”’ studies which determine for a 
particular area the most economical allocation 
of the permissible over-all loss between the 
subscriber loops and the interoffice trunks. On 
account of the wide range of local conditions 
the fields of service of the different types of 
loaded and non-loaded trunks cannot be sharply 
defined. An indication of the service uses is 
given in the upper part of Fig. 16, which illus- 
trates the possible applications of the new stand- 
ard types of facilities for direct interoffice trunk 
service, assuming maximum allowable losses of 
11 and 15 TU, respectively. The diagram shows, 
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for instance, that M-88 loading on No. 22-A.w.g. 
cable is the preferred construction for trunks 
from 7.5 to 11.5 miles long, when working to an 
11-TU limit. The lower part of Fig. 16 indicates 
on a cumulative-percentage basis the distribu- 
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Figure 16—Direct Interoffice Trunks. Field of Use of 

Different Types of Loaded and Non-loaded Facilities, 

Working to 11 to 15 TU Limits on Attenuation Loss. 

Curve in Lower Part of Diagram Shows Distribution of 
Trunks with Respect to Trunk Length 
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tion of direct 
Bell System. 

In the design of the exchange area trunk plant, 
it is, of course, necessary to consider the signaling 
characteristics of the facilities and associated 
equipment, as well as the transmission character- 
istics. After a certain length is reached in a 
given type of facility, it may become necessary 
to use relatively expensive signaling equipment 
for working longer distances. In some cases of 
this kind, the total facility cost may be reduced 
by using a more expensive grade of circuit which 
will allow less expensive signaling equipment. 

In the application of the new standard loading 
systems, the same standards of over-all attenua- 
tion loss are adhered to, as in the older loading 
systems. In consequence, there is an appre- 
ciable improvement in the intelligibility of trans- 
mission, due to the ability of the new loading 
systems to transmit efficiently a range of high 
frequency voice over-tones which are suppressed 
by the old standard 2,300-cycle cut-off. 

Along with this improvement in service, the 
new loading systems substantially reduce the 
plant cost; partly due to the economies which 
result from the extension of the transmission 
range of the new types of fine wire cables, and 


interoffice trunk lengths in the 


partly because of the use of materially less ex- 
pensive types of loading coils. 

Loading Coils and Cases. As previously noted, 
the first important change in the coils used for 
exchange area loading from the early 95-per- 
meability wire core type was the substitution of 
compressed powdered iron in place of wire for 
the cores. Initially, only coils having powdered 
iron cores with a permeability of 60 were de- 
signed, as this value corresponds to the effective 
value of the cores displaced. More recently, in 
order to better fit in with the requirements of the 
new cut-off frequency standard, coils using 35- 
permeability powdered iron cores have been 
developed. In Table XVII are listed data for 
the coils now used in exchange area loading. 


TABLE XVII 
Coils oe aii manne Area Cables 


a 
Resistance- Over-all . 
(Ohms) Dimensions 
Core : (Inches) 
Perme- 


Coil | 
Code 


Induct- 
ance 


No. |(Henrys)| ability 


1000 


D-C. Cycles 





8.9 
12.8 
4.6 


10.5 
14.1 
10.6 


602 0.088 
603 0.135 
574 0.175 


Effective resistance values are for a line current of 


0.001 ampere. 


The standardization of the small size Nos. 602 
and 603 loading coils has made it possible to 
design containing cases and assembly methods 
which permit much larger numbers of coils to be 
enclosed in cases conforming to the dimensional 
limitations set by existing vault conditions. A 
series of cases having capacities up to 300 coils 
has now been developed. The use of these large 
potting complements will be of considerable 
value in reducing the space congestion en- 
countered in the ‘‘downtown” sections of the 
larger metropolitan areas. 

In the 300-coil case, a total of 1, 
joints are required to connect the coil terminals 
to the stub cable conductors. It was accordingly 
very important that the assembly method should 
involve a minimum liability to open circuits, 
crosses, or grounds. To accomplish this, a 
method was devised whereby the various spindles 
of coils were assembled to a skeleton frame to 


200 soldered 








which the cable stub containing the 600 terminal 
pairs is also attached. All splices to the outgoing 
conductors are made immediately adjacent to 
the individual coil terminals, after which the 
skeleton unit consisting of the coils and stub 
cable with case cover attached, is picked up with 
suitable tackle, and the coil unit inserted in the 
case. Fig. 17 illustrates this stage of the assem- 
bly. The case is subsequently filled with moist- 
ure-proof compound and sealed in the usual 
manner. 

Installation Features. In general, the exchange 
area cables on which loading is required are run 
in underground ducts and consequently the 

















Figure 17—Assembly of 300-coil Case. Lowering Load- 

ing Coils Into Case After Coil Spindles Have Been 

Mounted on Frame and Coil Terminals Spliced to Stub 
Cable Conductors 


great bulk of the exchange area loading is in- 
stalled in underground vaults. Fig. 18 shows a 
typical loading installation in a ‘‘double-deck”’ 
vault in New York City. The loading coil cases 
are placed in the lower part of the vault permit- 
ting the coil terminal stub cables to be brought 
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up vertically behind the horizontal cable runs 
and spliced to the trunk cables in such a way as 
to minimize the difficulties of future work on the 

















Figure 18—Underground Cable Loading Coil Instal- 
lation in Metropolitan Area. Double-deck Vault Hav- 
ing ultimate capacity of 14 Large Coil Cases 


cables passing through the vault. The trunk 
cables enter the vault through ducts which may 
be seen at the top of the picture, and are sup- 
ported on racks mounted on the upper side walls 
of the vault. 

At present, a total of eight loading coil cases 
is installed in the vault illustrated in Fig. 18. 
Only five of these, however, appear in the pic- 
ture. The cases now in place contain a total of 
645 loading coils. The vault has space for six 
additional large cases, on which basis it is esti- 
mated that this vault will ultimately contain 
about 2,400 coils. Some of the largest vaults are 
capable of accommodating a total of 30 large 
cases containing a total of 9,000 coils. 


VII. Loading for Submarine Cables 


Coil Loading. The special problem of applying 
coil loading to submarine cables is a mechanical 
one, rather than one concerning the principles of 
loading. The situation in the United States is 
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TABLE XVIII 
Coil Loaded Submarine Cables 


Length of 
Cable 
(Miles) 


4.5 


| Yearof | 


Location | Installation | 





1910 
1916 | 4.0 


Chesapeake Bay No. 1 


Chesapeake Bay No. 2 


Tarrytown-Nyack 1916 


Raritan Bay No. 1 1917 


Raritan’ Bay INO: 2:52.35 1918 


| 

| Spacing of | Coil 
Coils- | Inductance 
(Miles) | (Henrys) 


Number of 
Loaded 


Load 
Ccte: 


| 
No. of 
Points | 





Z | 17 pr. 13 A.w.g. | 1297 0.117 
1 | 12 qd. 13 A.w.g. | 2.0 0.067-S 
0.042-P 
37 qd. 16 A.w.g. : | (0225 
0. 


37 qd. 16 A.w.g. 0. 
0. 


37 qd. 16 A.w.g. OQ: 25 
0. 





such that only a few coil loaded submarine 
cables have been required; this, of course, does 
not refer to the considerable number of instances 
where the submarine cables are so short that 
ordinary types of coils installed at the terminals 
satisfy the transmission requirements. 

To date there have been installed in the 
United States a total of five cables having sub- 
marine coil loading; details of which are given 
in Table XVIII. 

The Raritan Bay cables each have 37 quads 
loaded at five points, 111 coils at each point, 
constituting the largest installation of submarine 
coil loading in the world. The depth of water 
in which these cables are installed is about 35 
feet. 

In each of the above instances, dry core paper 
cables were used. The design of the coil was 
made to fit the special designs required for the 
submarine loading pots. The case design was 
such as to furnish complete protection of the 
coils against moisture penetration and adequate 
mechanical strength for taking up the tension 
in the cable. In installing the cables, the pro- 
cedure was to splice the loading coil cases into 
the cable while the cable was coiled on a barge, 
and then lay the cable and coils as a continuous 
operation. The service record of these loaded 
submarine cables is excellent, thus demonstrating 
a satisfactory solution of the many difficult 
mechanical problems involved. 


Continuous Loading. Another form of sub- 
marine cable loading, first put into practise by 


the Danish engineer, C. E. Krarup,”® is to wind 
an iron wire or tape spirally around the copper 
conductor. This gives a continuous loading 
which has found important applications in the 
case of telephone and telegraph cables laid in 
deep water. So far as land cables are concerned, 
it has been found that continuous loading is 
uneconomical in comparison with coil loading. 
The only instances of continuous loading in the 
plant of the Bell System are the Florida-Cuba 
cables,*° connecting Key West and Havana, 
which are the longest and most deeply sub- 
merged cables in use for telephonic communi- 
cation in the world. 


VI. Extent of Commercial Application 


The following data will assist in visualizing 
the practical importance of the developments 
which have been described in this paper. 

In 1911, when Mr. Gherardi addressed this 
Institute on the subject of loading practise in 
this country, there were about 125,000 loading 
coils in service which loaded about 85,000 miles 
of open wire circuits, and 170,000 miles of cable 
circuits. Although precise figures are not yet 
available regarding the number of loading coils 
in service in the Bell System as of January 1, 
1926, conservative estimates set this total at 
about 1,250,000 coils. These coils load about 
1,600,000 miles of cable circuits and 250,000 


2C, E. Krarup, Submarine Telephone Cables with 
Increased Self-Induction, ETZ., 23:344, April 17, 1902. 

30 W. H. Martin, G. A. Anderegg, B. W. Kendall, ‘“Key 
West-Havana Submarine Telephone Cable System,” 
Trans. A. I. E. E., Vol. 41, 1922, p. 184. ‘ 











miles of open wire. In round numbers, 500,000 
coils are installed on non-quadded local area 
trunk cables and 700,000 in toll and toll entrance 
cables (the bulk of these being quadded cables). 
Nearly two-thirds of the total number of coils 
have compressed iron powder cores, all of these 
being installed on cable circuits. About 4500 
coils having wooden cores are installed on carrier 
loaded entrance cables. The remainder have 
iron wire cores, approximately 60,000 being of 
the so-called ‘‘air-gap’’ types. 

Prior to the development of satisfactory types 
of telephone repeaters, the principal use of load- 
ing coils was in exchange area trunk cables in 
large metropolitan areas such as New York, 
Chicago, Philadelphia, and Boston. The suc- 
cessful application of telephone repeaters to 
loaded small gage cables has greatly increased 
the use of loading in the telephone plant. As 
illustrating this trend, approximately 150,000 
toll cable coils were manufactured for the Bell 
System in 1925, and approximately 100,000 ex- 
change area cable coils. Recent estimates of 
the loading coil requirements for the next five 
years indicate an annual demand at a rate which 
would double the total number of loading coils 
in service about 1930. 

As regards the field of application for cable 
loading in terms of cable lengths, the entrance 
and intermediate cables represent the minimum 
lengths; for instance, pieces as short as 500 feet 
when present in carrier telephone systems may 
require loading. In the local exchange areas, toll 
switching trunks as short as two miles may 
require loading. On the other hand, as illustrat- 
ing the longest circuit now entirely in cable, a 
connection between Boston and Milwaukee—via 
New York, Pittsburgh, Cleveland, and Chicago 
—typifies the possibilities in the existing repeat- 
ered loaded cable plant. The over-all length of 
such a circuit is approximately 1200 miles. 
There is no technical obstacle to the use of re- 
peatered loaded cables for distances several 
times as great; i.e., in the present state of the 
art this is primarily a question of economics 
rather than of development. 





IX. Conclusion 


It will be appreciated from the foregoing 
account that the invention of coil loading was 
the beginning of an era of intensive development 
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which has been marked by enormous advances 
in the design of telephone transmission lines, and 
that there has been no slackening of the inven- 
tional or development activity devoted to this 
subject. It is significant that at present more 
engineers and physicists in the departments 
represented by the authors are engaged on load- 
ing development problems than at any previous 
time. 

In this account of the progress of the loading 
art during the past quarter century, the authors 
have endeavored to point out the relation of the 
loading developments to other phases of tele- 
phone development such as cables, repeaters, 
telegraph working, and carrier telephone and 
telegraph systems. In the space that is available, 
it would be impracticable to assign full credit to 
the many individuals who have been engaged in 
the development work on loading and the related 
problems. The final accomplishments should be 
regarded as the result of well coordinated efforts 
along many lines. 

In conclusion, it may be of interest to note 
what the development and use of loading has 
meant to the telephone using public from an 
economic standpoint. Leaving out of consider- 
ation altogether loading on long toll cables— 
where the interdependence of repeaters and load- 
ing is such that it is impracticable to assign to 
each its share of the savings—and taking into 
consideration only the loading of interoffice 
trunks and toll open wire circuits, it has been 
estimated that the larger wires which would have 
been required to give the present grade of trans- 
mission if loading had not been available, taken 
together with the heavier pole lines and addi- 
tional underground ducts, would have entailed an 
additional investment in Bell System telephone 
plant of over $100,000,000. 
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Antenna System of Radio Broadcasting Station AYRE with Bullring to 
the Left. The station capacity is 1-kw. and the wave-length is 375 meters. 
The equipment was furnished and installed by the International Standard 


Electric Corporation for the 


Empresa Venezolana de 


Radiotelefonia, 


Caracas, Venezuela, which has an exclusive Government concession for 


broadcasting in Venezuela. 


The station went on the air April 27, 1926 








HE electrification of the main line 
of the Stockholm - Gothenburg State 
Railway, which is expected to be com- 

pleted in 1926, necessitated removal of the open 

wire telephone circuits along the railway track. 

Some of these circuits have been placed on pole 

lines and others in cables. A number pass 

through the Stockholm-Gothenburg cable,! which 
was finished in 1923. For the south-going 
circuits, the new Stockholm-Norrképing cable 
described in this paper has been provided, which 
is projected to form part of the Stockholm- 
Malm6 cable. 


Computation of the Number of Circuits 


To determine the number of circuits required 
in the Stockholm-Norrképing Telephone Cable 
an estimate was made of the traffic needs for 1940 
when the Stockholm-Gothenburg cable is as- 
sumed to reach its ultimate capacity. It was 
found that the average number of computed 
trafic hours in relation to existing circuits 
amounted to between two and three times the 
present number. Still greater increase is assumed 
for international lines and for other important 
long lines. Transit lines for Finland traffic with 
the Continent also have been contemplated. 


As a rule, the costs for cable circuits will di- 
minish as the size of the cable increases, but there 
is a certain size which for technical reasons can- 
not be exceeded. In planning this cable it was 
therefore necessary first to determine for what 
sections a full-size cable would be required and 
for what sections a smaller cable would be suffi- 
cient. Special studies were carried out to deter- 
mine the numbers and types of conductors to be 
adopted. 

These investigations showed that while a full- 
size cable would be necessary between Stockholm 
and Nyképing, a somewhat smaller cable would 
be sufficient for the Nyképing-Norrképing sec- 
tion. A full-size cable is assumed to be required 
south of Norrképing as far as Linképing, beyond 


1 “The Stockholm-Gothenburg Cable,”’ by E. Ekeberg. 
*‘Electrical Communication,” April, 1924. 
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which in the central portion of the route the cable 
will be tapered down and increased again towards 
Malmo. 


Types of Circuits 


To provide better speech-transmission than on 
the Gothenburg cable, it is intended to introduce 
on the Malmé cable a later system of loading and 
also, for a certain type of circuit, the four-wire 
transmission system. Whereas medium-medium 
loading was used on the Stockholm-Gothenburg 
cable, other systems with medium-heavy and 
extra-light loading have been chosen for the 
Stockholm-Norrképing cable. Thus an increase 
of the cut-off frequency is obtained. 

On the Stockholm-Malmé6 cable project the 
following types of circuits have been used: 

Four-wire circuits with extra light loading for 
long international lines. 

Four-wire circuits with medium-heavy loading 
for other international and long inland lines. 

Two-wire circuits with medium-heavy loading 
for remaining lines. 


Division into Repeater Sections 


As a rule, light-loaded 4-wire circuits will be 
repeatered at each repeater station and the 
medium-heavy loaded 4-wire circuits at alternate 
repeater stations. Two-wire circuits will be re- 
peatered at each or at alternate repeater-stations, 
depending upon the attenuation in each case. 

The values of the final losses in the circuits 
have been stipulated as follows: 

BL TU. 
ARATE MCINCUNOS 6 oo 53 a HAs asi 0.7-1.0 6.08— 8.6! 


2-wire circuits for switched traffic 0.8—1.1 6.95— 9.5¢ 
2-wire circuits for terminal traffic 1.0—1.5 8.69—13.04 


After various alternatives concerning location 
of repeater stations had been discussed, and th« 
costs involved estimated, it was determined t 
place repeater stations at Vasterljung and Norr 
képing. Thus the length of the section Vasterl- 
jung-Stockholm became 76.2 km. and the sectio1 
Vasterljung-Norrképing 100.5 km. 
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Arrangements pending completion of the 
Stockholm -Malmo Project 


A special plan for the circuit arrangements was 
drawn up to be in force while the cable termi- 
nates at Norrképing and while the circuits south 
thereof are open wires. Such long circuits as are 
in the future to be used for 4-wire working can 
without inconvenience and with less cost be used 
for 2-wire working on the relatively short Stock- 
holm-Norrképing section. Four-wire circuits, 
therefore, are employed at present only to such 
extent as is necessary to gain practical experience 
with the system. 

As is the case on the Gothenburg cable, only 
two-thirds of the Norrképing cable is at present 
loaded. The further loading to be carried out 
will chiefly affect 4-wire circuits. 

Table I shows the size of the cable and the 
amount of the loading. 


TABLE I 


Number of quads 


Stockholm- 
Nyk6ping 


Nyk6éping- 
Norrképing 
Type of circuits ae a 
Non- | Non- 
Load- load- Total Load-| Joad- Total 
ed ed | ed | ed | 


0.9 mm. 4-wire extra 
light loaded.....} 12 i ; 2 
0.9 mm. 4-wire medi- 
um-heavy loaded 8 
1.3 mm, 2-wire medi- 
um-heavy loaded| 
0.9 mm. 2-wire medi- 
um-heavy loaded 
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Detail Planning 


During the summer and autumn of 1923, the 
cable route to Norrképing (Figure 1) had been 
surveyed in accordance with the various alter- 
natives discussed, and ultimate terrain sections 
had been staked out. From this survey the load- 
ing plan was made and the lengths of the loading 
sections were fixed. In the repeater-section 
Stockholm-Vasterljung the average loading- 
section length is 1821 meters, and in the section 
Vasterljung-Norrképing the 
length is 1828 metres. 


corresponding 


Terrain routes have been taken into consider- 

ation for two reasons: 

(1) To shorten the total cable length and to 
obtain an even number of loading-sections 
of normal length. 

(2) To avoid the neighborhood of the railway 
line with due regard to its future electrifi- 
cation. 


For the first reason a 2.5 km. terrain section 
with 230 metres of submarine cable across a lake 
was necessary between Stockholm and Séder- 
talje. This shortened the cable by 1.1 km. and 
permitted 20 uniform loading sections between 
Stockholm and Sédertalje. For the same reason 
a number of terrain routes were selected between 
Vasterljung and Norrképing to reduce the total 
length of this repeater-section. To obtain the 
necessary separation from the railway track, 
three terrain routes 12.3, 3.1, and 1.5 km. in 
length were used. Early in May, 1924, every- 
thing was prepared for starting the outside cable 
work. 


Placing of the Cable 

As cable deliveries were delayed unavoidably, 
it was not until June 10, 1924, that laying opera- 
tions could begin. Simultaneously with the 
placing of the Stockholm-Norrképing toll cable 
a local cable (Figure 2) was laid between Stock- 
holm-Sédertalje-Jarna. All the cables were of 
underground type. Between Stockholm and 
Sédertalje the route was along the main road, 
which had recently been reconstructed. In order 
not to injure the crown of the road the cables 
were placed close to the side. As this prevented 
the use of a motor roller during replacement of 
the road, the trench was carefully tamped by 


manual labor. This method was used also on the 


road between Norrképing and Aby where the 


traffic is very heavy. On the remainder of the 
cable route the road-ways were restored by 
means of motor rollers. The trenching was 
chiefly done by hand labor. Only one digging 
machine was employed, it dug almost 30 km., 
i.e., about 18 per cent of the entire trench. 

The difference in the results obtained by 
trained laborers and by those of ‘“‘new-emploved”’ 
men was great. Laborers temporarily employed 
showed an output of rather less than 40% of that 
of the best workers. 
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Figure 1—Map of Stockholm-Norrkoping Cable Route 


In the Stockholm-Sédertalje section, and in 
other sections where the cable-route runs com- 
paratively near to the railway line, the cables are 
armored with two layers of iron bands; the re- 
mainder are unarmored. The iron of the 
armored cables forms an appreciable protection 
against injury. As an extra protection during 
the period in which the earth is frozen, a creo- 
soted board is placed 8—10 centimetres above 
the cable to indicate its location and to serve as 
an obstacle to further digging. The unarmored 
cable is placed in wood ducts as on the Gothen- 
burg cable. This method of laying is very suit- 
able for Swedish conditions and in the past has 
proved the cheapest way of protecting the cable. 

Only the two-wheel type of cable-trailer has 
been used. As a rule a gang of 10 men would 
place 1.5—2 km. per day. The longest section 
placed in one day was 3.6 km. The total number 
of motor vehicles, including the cars of the super- 
visory staff, amounted to 31 cars and 14 motor 
cycles. To supply the laborers with food and 
lodging on the spot, tent camps and canteens 


were erected in the neighborhood of the working 
places. 


Splicing and Loading 

On account of the large size of the cable, the 
separation of the conductors into different 
groups, and the simultaneous splicing of the 
Sédertalje cable, a considerable number of splic- 
ing gangs and testers were required. In Novem- 
ber, 1924, the cable splicing reached its peak and 
at that time there were 21 gangs for splicing in 
the cable and 8 gangs for splicing in the loading 
coils together with 25 testers, under the super- 
vision of 2 foremen and 3 technical supervisors 
At the splicing of the Norrképing cable, in order 


to reduce capacity unbalance and capacity de- 
viation, the Western Electric method of crossing 
the conductors was used. 

In the entire Stockholm-Vasterljung repeater 
section and in the first 13 and last 12 loading-sec- 


tions between VéaAsterljung and Norrk6éping, 
capacity-balancing was carried out in seven 


splices of each loading-section. In the remaining 
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loading-sections, located in the middle of the re- 
peater section Vasterljung-Norrképing, capacity- 
balancing was performed only in three splices per 
loading-section. Each loading-section comprised 


8 lengths of cable. The average cutting length 


Trench in Rocky 
Terrain 
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the neighborhood of the splicing place. During 
the night a special staff finished the balancing 
calculations. Next morning the completed test- 
sheets were handed to the tester for use at the 


jointing. By this practice great accuracy and 


Cable Crossing culvert 
in Iron tube 


Cable plac- 


ing in 


Ter- 


rain Route 


Figure 2—Placing of Stockholm-Norrkoping Toll Cable 


was 230 metres. At each splice, the following 
groups of conductors had to be kept separated: 


0.9 mm. conductors, 4-wire, direction A-B, 30 
quads. 

0.9 mm. conductors, 4-wire, direction B-A, 30 
quads. 

1.3 mm. conductors, 2-wire, 44 quads. 

0.9 mm. conductors, 2-wire, 10 (5) quads. 


Where there are only one or two groups of cir- 
cuits in a cable not too great in size, the tester 
can immediately after testing give instructions 
to the splicer regarding crossing of conductors 
for jointing, so that the splicing can start at once. 
While the splicing is going on the tester can com- 
plete his calculations. In the present case, how- 
ever, the number of conductors in the cable was 
so great that testing and splicing could not be 
performed in one day, nor could the test sheets 
be finished during the course of the work. It was 
necessary, therefore, for the measurements and 
the test-sheets to be sent to an office located in 


and a Local Cable between Stockholm, Sodertalje, Jarna 


uniformity of the balancing work were attained; 
this is reflected in the good results reached with 
regard to crosstalk. 

In order to reduce the variations in mutual 


capacity, deviation tests were made in the middle 
splice of every loading-section so that within each 
loading-section all circuits belonging to the same 
group obtained as nearly as possible identical 


capacity. 

By a suitable allocation, in the factory, of the 
lengths in the loading-sections, the average 
mutual capacity of any group of circuits within 
a loading-section did not deviate by more than 2 
per cent from the average mutual capacity of 
this group, for all loading-sections of the repeater 
section. 

As soon as the splicing of a loading-section was 
finished, the splicing-in of the loading coils com- 
menced. At each loading point, two loading pots 
are connected-in, and room is left for the third 
one to be spliced-in later when the cable is com- 
pletely loaded. The loading pots are buried in 
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the earth and the splices are protected by con- 
crete covers. 

In general, the splicing points of the unarm- 
ored cable are protected by the customary 
wooden splice boxes. For certain parts of the 
armored cable, cast iron boxes were adopted, 
while for the remainder, wooden splice-boxes of 
a somewhat modified construction were used. 


Particulars of Cable 

The order for the Stockholm-Norrképing cable 
was placed with Max Sieverts Fabriks Aktie- 
bolag, Sundbyberg, Sweden. Owing to delays in 
the transport of cabling machinery for this fac- 





9-wire 
Direction B-A 


4-wire 





Figure 3—Cross section of cable 


tory, the manufacture of 36 km. of cable for the 
section Vasterljung-Nyképing was entrusted to 
the Western Electric Company. 

As already mentioned, two types of cable were 
manufactured; i. e., type A, containing 114 
quads, intended for the Stockholm-Nyképing 
section, and type B containing 109 quads, in- 
tended for the Nyképing-Norrképing section. 
The cable construction is shown in Figure 3. 
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MECHANICAL DETAILS 


Stockholm- Nyk6ping- 


Nyk6ping Norrképing 
| Unar- | Ar- | Sub- | Unar- |} Ar- 
mored |mored |marine mored |mored 





livered, kilometers) 71.4 | 42.2 22 | 525 13.0 
Weight, kgs. per 
OTR 5 es ot 


Thickness of lead 


14523 | 25303) (23/97) 4200 | 14.75 





sheath, mm...... | 3.0 3.0 4.0 30 | 3:0 
Overall diam., ap- ae 
proximately, mm.) 65 qd 21925 10455 4: 
ELECTRICAL DETAILS 
Contracted Values 
Values Measured 
Insulation Resistance between | . 
one conductor and all the Greater than 
others connected to lead Contract 
sheath, megohms per km. 5000 values 
Insulation Breakdown in volts, 
measured with alternating 
current of 50 p.p.s. during 1 | 
minute 
Between one conductor and | Greater than 
all the others connected to | Contract 
lead sheath 500 values 
Betweenallconductorstaken | Greater than 
together and the lead sheath 1000 Contract 
values 


Mutual Capacity at 800 p. p.s. | 
average per repeater-section 
in microfarads per kilometer 


Side circuits S-V1j 0.0369 


| VIj-N 0.0374 
| S-V1j_ 0.0600 
VIj-N 0.0609 


0.0395 


Phantom circuits 0.0660 


Capacity Unbalance for factory | Aver. Max. 
lengths of 230 meters, in 


micro-microfarads 


Side tosideofsamequad(S-S) 40 120 | 
Phantom to side of same 
quad (Ph-S) 150 720 Well with- 
Between other circuits | 75 245 in contract 
Between opposite going 4- | limits 
wire circuits 10 80 
Between the conductors of a 
pair and earth | 150 720 |! 

Conductor Resistance in factory 
lengths per km. conductor | 
at +15°C. in ohms, average | 
1.3 mm. conductors | Bgs2 Average 12.69 
0.9 mm. conductors 2125 Average 26.85 


Resistance Unbalance in fac- 
tory lengths, that is the dif- | 
ference in resistance of the 
two conductors of a pair 
compared with the resist-| Less than 


ance of the pair | 3% | 2.5% 
Average of these values ina | Less than 
factory length 1% 0.41% 


Leakance at 800 p. p. s. and | | 
+15°C. in a factory length, | j 


mhos. per km. 
For pairs 1.0 x 10-§ | Within con- 
For phantoms 1.67 x 10-* | tract limits 
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Loading 

The loading equipment was delivered by the 
Western Electric Company, London (now Stand- 
ard Telephones and Cables, Limited), and was 
manufactured in accordance with the three-coil 
system of that company. All loaded quads thus 
provide three circuits. 


Inductance) Calculated cut- 
of coils, | off frequency in 
milli- the circuit, peri- 
henries | ods per second 


Mediumheavy loaded circuits 
Side 177 
Phantom 63 

Extra light loaded circuits 
Side 44 
Phantom 25 


2800 
3700 


5500 
5900 


Between Stockholm and Nyképing two loading 
pots, one type A; and one type B, each containing 
35 loading units, are installed at each loading 
point. Between Nyképing and Norrképing, one 
type Az loading pot containing 30 loading units 
and one type B are installed at each loading 
point. The distribution of loading units within 
the different types of loading coil cases is shown 
in Table IT. 

TABLE II 


Number of quads 


Extra 
light 
loaded 


Medium heavy loaded 


2-wire 


4-wire | 4-wire 
0.9 mm. | 1.3 mm. | 0.9 mm. | 0.9 mm. 
conductor| conductor conductor) conductor 





10 1 
3 1 


Very strict regulations were fixed regarding the 
limits of allowable crosstalk between the circuits 
in the loading coil cases. Thus the crosstalk 
values specified by the Swedish Administration 
expressed in attenuation (8L) at 800 periods per 
second were not allowed to fall below: 


Average 
BL. 
Side to side in the same unit 10.6 
Side to phantom in the same unit... oT 
Side to side of different units 11 10.5 
Side to phantom of different units.. 10.9 9.9 
Between opposite going 4-wire circuits 12 12 


Minimum 
BL. 
9.2 
8.5 


Corresponding (TU values) would be as fol- 


lows: Average Minimum 
TU. FU. 
Side to side in the same unit 92 80 
Side to phantom in the same unit... 84. 73.8 
Side to side of different units....... 95.5 91.2 
Side to phantom of different units.. 94. 86 
Between opposite going 4-wirecircuits 104 104 


From the contract values, the attenuation per 
km. was computed to have the following values 
at 800 p. p.s. 


MEDIUM HEAVY LOADED 


B 
0.0120 
. 0.0214 


1.3 mm. 
0.9 mm. 


conductors, side and phantom. . 
conductors, side and phantom. 


EXTRA LIGHT LOADED 


conductors, side 
conductors, phantom 


0.9 mm. 


0.9 mm. 0.0320 


Acceptance Tests 

Measurements were carried out on separate 
drums of cable, on certain loading sections, and 
also on both repeater-sections, after completion 
of the splicing and loading work. The chief pur- 
pose was to ensure that deliveries complied with 
the terms of contract. At the same time, the 
measurements indicated the influence of different 


TABLE III 


Stockholm- 
Vasterljung 


Vasterljung- 
Norrképing 


Aver. | Min. 
Value | Value 


Aver. | Min. 
Value | Value 


Insulation Resistance for one 
conductor connected to ter- 
minals, megohms per km. 
Attenuation B at 1000 p. p. s. 
and +15°C, for medium 
loaded circuits 
1.3 mm. side 
phantom 
0.9 mm. side 
phantom 
For extra light loaded circuits 
0.9 mm. side 
phantom 
Crosstalk expressed in atten- 
uation BL with mixed tone 
Side to side of same quad 50 
Phantomtosideofsamequad | 8.85 
Between circuitsofsametype 
a) Between different sides 
b) Between sides and 
phantoms 
c) Between different 
phantoms 
Between opposite going cir- 
cuits of 4-wire groups 


30,000) 11,000) 35,000, 14,500 
approx approx 


0.0116 
0.0115 
0.0218 
0.0209 


0.0108 
0.0107 
0.0212 
0.0201 


0.0351 
0.0298 


0.0351 
0.0298 


9.05 | 9.4 


5 | 8.85 
8.45 | 8.85 


8.35 


10.05 | 9.40 | 10.10 | 9.40 


10.10 | 9.55 | 9.95 | 9.35 


9.30 | 8.30! 9.45 | 8.35 


10.75 | 10.40 | 10.90 | 10.40 
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with high gains. That the capacity of the jointed 
cable, and the inductances of the loading coils are 
uniform can be concluded also from the imped- 
dance curves. As an example, two of these curves 





types of construction and manufacturing meth- 
ods on the electrical properties of the cable and 







the changes in these properties caused by the 





laying of the cable. 





The results of the acceptance tests on com- 
pleted repeater sections are summarised in COCR 


III and IV. 








Tables 








The corresponding Crosstalk values expressed 





in (TU’s) are as follows: 


Stockholm- | Vasterljung- 
| Vasterljung | Norrképing 


BPETiytt 





Aver. | Min. | Aver. | Min. 

Value | Value \ alue Value Figure 4—Stockholm-Norrkoping Cable—Impedance 

Stile te aide of same quad 82.5 | 78.61 82.11 76.9 curves in repeater section II from Norrkoping to 

Phantom tosideofsamequad 76.9 | 73.5 | 76.9 | 72.5 Vasterljung for best pair (No. 5) and worst pair (No. 

Between circuitsof samet ype 36) of medium heavy loaded 1.3 mm. side circuits 
a) Between different sides | 87.4 | 81.7 | 87.7 | 81.7 
b) Between sides and 














































phantoms 87.7 | 83 86.5 | 81.2 
c) Between different 
phantoms 80:8) V2.4 | S21) 72:5 
Between opposite going cir- 
cuits of 4-wire groups 93.4 | 90.4 | 94.7 | 90.4 

















With the Singing-point Test Set available, no 
higher values could be measured than 33 S. M. 
for side circuits and 33.7 S. M. for phantoms. 
For measurements on the extra light loaded cir- 
cuits special arrangements had to be made. The Figure 5—-Stockholm-Norrképing Cable—Impedance 
singing-point values obtained are very high and curve in repeater section I, from Vasterljung to Stock- 

: ; 3 holm. Extra light loaded 0.9 mm. phantom circuit 
uniform; this allows the repeaters to be worked (pairs 401/402) 












































Stockholm-Vasterljung Vasterljung-Norrképing 
Measured from Measured from 
Stockholm Vasterljung Vasterljung Norrképimg 














Ave. | Min. Ave. Min. Ave. Min. Ave. | Min. 












Singing Point 
measured in miles of 
standard cable (S. M.) 

2-wire circuits: 






a..33 SHI: BHIE =... 5%. oii Li) }) 38 | “Zos5 333 S15 >33 29.5 
1.3 mm. phantom... 30.5 28.5 >ss.4 | BLO 3220 30.5 32.6 30.5 
0.9 mm. side.......| 32.1 30.0 | 32.0 28.0 >33 30.5 >33 >33 
0.9 mm. phantom...| >33.7 o2.4 31.6 <5 32.6 32.0 B17 31.0 
4-wire circuits: 
Medium heavy loaded: 
0.9 mm. side....... >33 32 | Ss 28.0 >33 32.9 >33 >55 
0.9 mm. phantom...) >33.7 PSS .4 31S 31.0 OZ 8 52.0 S25 31:0 
Extra light loaded: ' 
0.9 mm. side >| all values about 40 S. M. 


0.9 mm. phantom 





> =greater than < =less than 
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are shown in Figure 4 corresponding respectively 
to best and worst 1.38 mm. medium-heavy loaded 
side circuits between Vasterljung and Norrkép- 
ing. Figure 5 is a typical curve for an extra light 
loaded 0.9 mm. Stockholm-Vasterljung phantom 
circuit. 


Repeater Stations 


In Stockholm the cable is terminated in the 
test-room of the toll telephone office. At Norr- 
képing the repeater equipment is installed in 
rooms specially arranged for this purpose in the 





Figure 6-—Repeater Station at Vasterljung 


telephone station. At Vasterljung a new re- 
peater-station and dwelling houses for the staff 
(Figure 6) had to be erected. The floor plans for 
the Vasterljung station differ considerably from 
those adopted for previous Swedish repeater sta- 
tions. They are shown in Figure 7. 

To bring the equipment of the repeater sta- 
tions into conformity with the standard equip- 
ment of Swedish telephone stations, it was deter- 
mined to utilize Swedish constructions to the 
greatest possible extent. New special construc- 
tions for terminal boxes, terminal strips, testing 
jacks, toll test boards, signalling devices, etc., 
were drawn up in the Construction Office of the 
Telegraph Administration, and existing types of 
distributing frames, coil racks, etc., were used 
The equipment 
thus constructed and comprising also repeating 
coils and networks was manufactured at the Ad- 
ministration factory, Nynashamn. 

In Figure 8 is shown a repeater rack for West- 
ern Electric 2-wire repeaters. On the left there 
is a battery-supply bay; next there are seven 
repeater bays, each containing 10 repeaters ex- 
cept the first where the space of 4 repeaters is 


after necessary modificatoins. 


occupied by the gain measuring set. Such a re- 
peater rack, four metres in length, provides room 
for 66 repeaters, for which number the battery 
supply bay is constructed. On the top of this 
battery-supply bay are placed 33 fixed and 33 ad- 
justable resistances for the filament current, 
every two repeaters having the filament-circuit 


in common. Below the resistances is mounted a 


milli-ammeter relay for the grid current and be- 
low that relay are mounted measuring instru- 
ments for the filament and plate currents. Under 
the meter-panel is a key panel for cutting-in 
repeaters and meters, and underneath this the 
fuse panel. At the bottom are mounted relays 


and condensers. In the condenser group is 
placed a device by means of which the four differ- 
ent grid voltages required are obtained. 

On the repeater racks patching jacks for re- 
peaters, lines and networks are mounted; also 
trunk jacks, and in alternate panels, a telephone 
set for monitoring, speaking, and calling on the 
repeaters. While the 4-wire repeater rack is also 
equipped in accordance with this arrangement, 
each bay contains only seven repeaters. 

The new and distinctive features of the re- 
peater stations on the Stockholm-Norrképing 
cable are the following: 

(1) The use of cable terminal boxes mounted 
with fuses and protectors. 

(2) The jacks in the toll test-boards are ar- 
ranged with the two wires of one pair in the same 
jack. The jack is equipped with double inner 
springs, thus providing for disconnection and 
parallel connection in the same jack by the use 
of different plugs. 

(3) The arrangement of coils and networks is 
more compressed. This makes it possible to use 
the standard racks of the Administration. All 
the fuses, resistances and keys for the battery 
supply are located in one bay. 

Experience has shown that the new construc- 
tions are well adapted to their purpose; they are 
simple and they are economical of space. 

For long lines it is intended to employ voice- 
frequency signalling, whereby the signalling cur- 
rent is amplified in the repeaters as are the speech 
currents. On the relatively short Stockholm- 
Norrképing section only 20-cycle ringing current 
is used for both 4-wire and 2-wire lines. There- 
fore, no special arrangements are necessary at 
the terminating points of the 2-wire circuits, sig- 
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nalling relays being required only at the re- 
peaters. 
The following numbers of repeaters are in- 
stalled on the Norrképing cable: 
4-wire 2-wire Total 


Stockholm E: 17 
Vasterljung 5 + 
Norrk6éping 5 5 
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The installation work in the repeater stations, 
which was started in 1924, could not continue at 
the desired rate until important deliveries of 
material had been executed. The essential part 
of the equipment was installed, however, by the 
end of June, 1925. The first circuits were cut in 
for traffic in May, 1925. 


fore Room 
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Figure 7—VAsterljung Repeater Station—Floor Plan 
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repeatered circuits started in the middle of June 
of that year and was completed in about two 


months. 


Telegraphing Over the Cable Circuits 

Telegraph lines going south from Stockholm, 
which are used for high-speed systems, are for the 
present to remain as open wire lines, whereas all 
the telegraph lines for the Morse system will pass 
through the cable. The Morse lines are arranged 
as metallic circuits with direct currents of oppo- 
site directions. At the terminating points of the 
cable special telegraph repeaters are used. The 
cable circuits for telegraph purposes are provided 
by superposing the phantom telephone circuits 
so that two quads together form the two branches 
oi a telegraph circuit. 


Extent of the Cable Circuits 

The total length of circuits obtained with the 
present amount of loading is 40,500 km. When 
the loading has been completed entirely the cor- 
responding length will be about 63,000 km. 


ee it Tn) 


ie 


Figure 8—Vasterljung Repeater Station—Repeater Rack 
for Western Electric 2 Wire Repeaters 








Long Distance Telephone Communication at the 
Locarno Conference 


By T. R. GUBBINS 


European Engineering Department, International Standard Electric Corporation 


N connection with the Locarno Conference, 
the Swiss Administration was faced with 
the problem of providing the necessary 
telephone and telegraph facilities at extremely 
short notice, and of doing so at a place which 
normally dealt with only a very moderate 
traffic. Actually, it was only a week before the 





Fig. 1—Repeater Rack No. 1, Zurich Repeater Station 


commencement of the Conference that the 
Administration with certainty knew that Lo- 
carno had been definitely selected for the 
Conference in preference to Lucerne or Lau- 
sanne, which had also been suggested. 

As soon as the place had been definitely 
chosen, the Administration took all steps to 
ensure that the facilities available would be 
ample and efficient. It may be interesting to 
give a brief description of what was accom- 
plished in linking up Locarno with the European 
capitals most concerned. 

The International Standard Electric Corpora- 
tion through its associated company, the Bell 
Telephone Manufacturing Company, was for- 
tunately able to render the Swiss Administra- 


tion some assistance in connection with the 


long distance circuits involved, owing to the 


fact that during 1925 the latter Company wa: 
engaged in the installation of repeater stations 
for the Swiss Administration at Berne, Zurich 
and Basle. The Berne station was completed 
in August of that year. The Zurich station was 
nearing completion towards the end of Septem- 
ber, when on the 29th of that month the Ad- 
ministration was definitely informed that the 
Conference would take place at Locarno on 
October 5th. In order to provide the long dis- 
tance circuits required between Locarno and 
the European capitals, it was found that it would 
be necessary to employ telephone repeaters at 
Zurich, and accordingly every effort was made 
to have a certain minimum number of repeaters 
ready before the commencement of the Con- 


ference. Fortunately, by adopting emergency 





Fig. 2—22-A-1 Telephone Repeater, Front View 


measures, it was found possible to do so, and 
two permanent circuits were established through 
Zurich from Locarno to Berlin and connections 
were also made as required with Paris, Frankfort 
and Berne. 

All these circuits worked satisfactorily, and 
the statesmen and journalists assembled at 
Locarno were unanimous in their praise of the 
long distance telephone facilities furnished by 
the Swiss Administration. 

Figure 1 shows part of the Zurich Repeater 
Station. The repeaters employed during the 
Conference are in the background immediately 


above and below the temporary connecting 
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These repeaters were of the standard 
type, known as the No. 22-A-1, telephone re- 
peater (see Figure 2), which is the type adopted 
for two-wire toll circuits, and were equipped 
with intermediate ringers designed to relay 20 


The 


cords. 


cvcle signalling currents. usual ‘‘gain”’ 
measuring and testing facilities were furnished 
as well as the line repeating coils and networks 
The equipment com- 
The ex- 


isting power plant was used for supplying the 


for balancing the lines. 
prised a total of 18 2-wire repeaters. 


filament current, while additional batteries were 
provided for the plate and grid circuits. 

From Zurich southward, the line circuits fol- 
lowed the Swiss underground toll cable route as 
far as the Altdorf Repeater Station; from there on, 
the circuits proceeded by open wire to Locarno 


Bergen School of Navigation. 


ELECTRICAL COMMUNICATION 


The antenna is part of a Western Electric type radio broadcasting sta- 


except for the section of cable in the St. Gott- 
hard tunnel. The circuits from Zurich to Ger- 
many followed the Swiss underground toll cable 
route to Basle, and from there continued by open 
wire to Karlsruhe where they joined the German 
Cable System. From Zurich to Karlsruhe the 
circuits were of the regular 2-wire tvpe, employ- 
ing 20 cycle ringing; from Karlsruhe to Berlin, 
however, the circuits were of the 4-wire type 
equipped with 4-wire repeaters and employing 
The circuit 
from Zurich to Paris was a heavy gauge open 
wire line, and the circuit from Zurich to Berne 
followed the underground toll cable route via 
Olten. 
standard “side” or ‘“‘phantom”’ circuit networks 


voice frequency signalling current. 


Except for the open wire line to Paris, 


were used for all the cable circuits. 











tion furnished for temporary use pending comple tion by Standard Electric Aktieselskap, Oslo, of a 


permanent 1-kw. installation for the Bergen Broadcasting Company 















SOUTH AMERICA: 












Telephone Development of the World, by Countries 


Number of Telephones 


Government 


Systems 


NORTH AMERICA: 


202,089 





CIS ik 0 4:05 0 wo 5s 
RSAMENL PASINETEOR, 6 ooain tos ot aK 6,317 
REND Breas bine eka nce ka ee ee 1,749 
West Indies: 
PREC ea Gam saG x aeieweie hoes 700 
Porto Rico....... PEGE sre ct Se tieote 780 
Other W. 1. Places*............s..06. 3,992 
Other No. Am. Places 75 


January 1, 1925 


Private 
Companies 


16,072,758 
870,365 


Total 


16,072,758 
1,072,454 
17,930 
50,980 


54,914 
12,114 
15,261 

3,808 





BO 5655555 ,702 


OS ee Sey eee nes a ee 
Bomuvia. ...... Sate teiaent -- 
gars Six vin aca eso bioenlh en wie at 587 
eS See ep eer rare — 
DRIED Sain eis sarees pohaere 
NS apo poy kis oe Wiebe bie aN Skee 1,691 
Paraguay.... 
Peru 5% 
Uruguay..... 
Venezuela 
SME te cL sco e eae lene “ ‘ 











17,084,517 


173,605 
1,824 
97,977 
30,895 
14,923 
2,827 
278 
9,552 
25,241 
10,520 





367,642 


295,911 
83,000 


172,900f 


ihe a7 
“he 
POS 
oh 00 
ann | | | 








17,300,219 


173,605 
1,824 
98,564 
30,895 
14,923 
4,518 
461 
9,552 
25; 241 
11, ‘047 
2,527 


21, 641 
1 72, 900 
1 





202: 868 
168,518 
119,985 
19,756 
34,580 
150,000 
105,213 
418,318 
189,429 
58,813 





MUN oh .as Sanu web as ene ens 
EUROPE: 

PONE cro pis toe dwsw ale wks 145,141 
Belgium. eee ees seme Saux 136,944 
a ee Iwas nto wt cis:ce x oes 8,097 
OT ee ee ne ee a 115,738 
RES hi wks Rie Ka pA KS oe 12,066T 
SN nS Ringe as se — 
SIE i ess sino 660,127 
Germany... Sate eke 2,385,177 
Great Britain and No. Ireland........ 1,264,024 
SUNN Oh es Oe a sige a eee Swe eae ace 5,450 
tee ook hams asso 78,612 
Irish Free State en 31, 1925). 21,641 
Italy* : BGs t 
Jugo- Slavia*. .. 27,500 
Latvia (March ai, oes aee eek s 15,557 
EG ob G a cae cuwne bios O80 kan 202,868 
Ramey oO See ee ae 97,433# 
1 Ee Sarr erg ene mere eee 75,000* 
Portugal. . Pett cece sae ake ee 2,300* 
RMIAT IIe oe ae ae 34,580 
Russia, setae Siberia*. 150,000 
Spain See Setie ere ieee ie aw -P cera Sre be —_ 
PNM es gerne ai wee wie-ee 416,584 
SREMOMIEINONED (0 Fro eign ais a'saisls Risto 8 sane 189,429 
Other Places in Europe*......... 45,346 

pieaeor see 6,089,614 






6, 895, 365 





Telephone and Telegraph Statistics of the World 


Compiled by Chief Statician’s Division American Telephone and Telegraph Company 


Per Cent 
of Total 
World 


66.44% 






PON 
ee bok 
a 




















British India (March 31, 1925)....... 14,785 26,455 41,240 .16% 
RIUM es etn ey MBS een Gane le ra 8d sini 77,844 34,226 112,070 43% 
Sanam (March 31, 1925). ...<...0..0<55 544,433 — 544,433 2.09% 
Other Places in Asia*...........-.... 88,610 16,055 104,665 40% 
DURE oe eS cc acdcc ieee eats 725,672 76,736 802,408 3.08% 
AFRICA: 
Egypt. Petes hen tee 33,808 = 33,808 13% 
Union of South Africat.............. 71,448 = 71,448 .27% 
Other Places in Africa*. sae 47,044 1,203 48,247 19% 
EE aa iclaiche teen hase ee es 152,300 1,203 153,503 59% 
OCEANIA: 
Australia (June 30, 1924)............ 318,279 — 318,279 1.23% 
Dutch East Indies.................. 36,272 2,997 39,269 aoe 
RNR tre Rese eh uci EYE orks aap aces —_ 17,707 17,707 .07% 
New Zealand (March 31, 1925)....... 120,097 —_— 120,097 46% 
Philippine Islands*. pects etee 2,550 13,200 15,750 06% 
Other Places in Oceania*. 2,309 445 2,754 .01% 
MEM sae bik wa eas cede 479,507 34,349 513,856 1.98% 
TOTAL WORLD... sscescsee 7,668,310 18,370,198 26,038,508 100. 00% 


* Partly estimated. 


Companies. 


t+ March 31, 1925. 
t As all local telephone service was transferred to private companies during 1925, the estimated number of telephones is shown under Private 


“ Excludes 23,800 telephones temporarily out of service as a result of the earthquake. 
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# June 30, 1924. 






Increase in 












Telephones Number of 
per 100 Telephones 
Population During 1924 
14.2 839,407 
11.6 63,251 
0.3 926 
0.4 620 
Ro 7,128 
0.9 672 
0.3 147 
ad 143 








1g .2 912,294 






















1.8 16,564 
0.1 —400* 
0.3 4,718 
0.7 623 
0.2 3,460 
0.2 — 
0.04 69 
0.2 412 
2.5 1,057 
0.4 497 
0.5 214 
0.5 27,214 















2.2 9,302 
1.8 22,137 
0.2 814 
0.8 12,132 
9.0 15,207 
2.4 3,000 
1.7 56,341 
3.9 142,845 
2.8 115,929 
0.1 50 
1.0 3,405 
0.7 373 
0.4 20,000 
0.2 1,500 
0.8 4,199 
2.8 9,600 
6.1 1,510 
0.4 9,837 
0.3 897 
0.2 2,965 
0.1 19,722 
0.5 15,000 
6.9 15,929 
4.8 9,149 
0.7 2,247 
1.4 494,090 





0.01 2,390 
0.03 10,645 
0.9 71,628 
0.1 9,913 
























0.1 94, 576 
0.2 2,945 
1.0 6,265 
0.04 4,662 

































0.1 13,872 

5.5 36,576 ( 
0.1 682 

6.2 891 

8.7 8,656 

0.1 750 

0.2 69 

0.7 47,624 

1.4 1,589,670 








ELECTRICAL COMMUNICATION 


Telephone and Telegraph Wire of the World, by Countries 
January 1, 1925 


Miles of Telephone Wire Miles of Telegraph Wire (See Note) 
Service 
Operated Number Per Cent Number Per Cent 
by of of Total Per 100 of of Total Per 100 
(See Note) Miles World Population Miles World Population 
NORTH AMERICA: 
United States eens aN P. 46,500,000 61.05% 41.0 1,925,000 _ L. 
Cana PG: 2,793,596 3.67% 30.3 316,113 4.83% a 
Central America mS 35,362 05% 0.6 21,021 -32% 0. 
i : 5s Ge 122,968 16% 0.9 76,1059 1.16% 0. 


un fa 


West Indies: 
Cuba.. Sacatne 2 .G. 165,098 22% Si 4 .16% 0. 
Porto Rico Shpce ce beeesaneiane Pik see "G. 24,135 -03% ‘ : .02% 0. 
Other W. I. Place st ; Si 36,385 .05% ’ 2 -08% 0. 
Other No. Am. Places*........ .G. 7,616 01% ; 7 15% 2. 


CO im Gy 





wn 


Poth. fs oc c.0s Dera 49,685,160 5.24% d 36: 11% % 


SOUTH AMERICA: 
Argentine sae “crave 4. Seale 540,588 
3,589 
259,455 
49,665 
me . 18,304 
SIMI ie Fag co Dee rc ares hale Se aes Eee .G. 5,083 
NN EY oo ica Wak dase NE Nele Sip aR a 138 
PON css 9c : 32,852 
WN RIMNURMNI a5 cari 5c o<e 4 la-ore a Sie seco ema ae LAS P. 44,434 
NINE ch sco etd oie Sem NINE a ee . G. 27,943 
IER oor i eis aka ces owas et eso 4,658 


6,726 
779 


RermOoooorocou 

CrRNACNNBK OR 
= 

NWENNNHNOWNHO 





_ 
7 
un 


PANN oes SS aw wae taleewece 986,709 376,982 
EUROPE: 
RE 0G a save Newbie waa tele we eae ¢ 373,769 
Belgium... ; 519,821 
Bulgaria. oo ; 30,528 
( zechosl ov akia. . 204,090 
Denmark Gr 743,137 
i ; 98,183 
MRE hs frei years a relaidcs © acral oh mean eines. 8 ; 1,963,890 
Germany . 7,417,263 
Great Britain and No. Irelandf . 3 4,966,746 
Greece* trae 
Hungary 
Irish Free StateT 


47,479 
27,678 
17,264 


to 


— 
PORK NOON RNR BROAN 


Jugo-Slavia* 

Latvia (Seoren- 31, £925): «22.5 6660s 
fo Rr 
Norway (June 30, 1924) 


_ 


Portugal*. 

Roumania...... ‘ 

Russia (including Siberia). A rer. aoa 7. 450,000* 
ea oes 4 to's erated asa azides ; 210,000 

Sweden arabes ZIM ee eet ; 921,509 

Switzerland x. 482,091 

Other Places:in Europe*................ ae 125,661 


aren 
J; RNUSSOoeme pun 


tar tas Gad SO ep tan STU U1 Gs 5200 Mt 00 DO 0 ONAN 
NACH WWW RUE WRWATAUNUTONWWWwRAT 


15.024 


2,662,740 





wn 


oy 


Total BAe Bes 20,880,770 


ASIA: 
British India (March 31, 1925).......... ‘ 293,340 38% 352,994 
“hi Air : 166,373 .22% 90,000 
yapan (iiercn St, 9925)... 2... 2.6005 es- 1,537,237 .02% 2 163,000* 
ee ee ; 230,728 30% , 186, 116 


Reka eenee ei eawee hats 2,227,678 2.92% 2 792,110 


AFRICA: 
Egypt 7. 117,862 
Union of South Africat G. 246,246 
Other Places in Africa* . ee 96,590 








460,698 s A, a 193,660 


OCEANIA: 
Australia (June 30, 1924). Seach aon ‘ 1,266,825 : 4 yi 103,260 
Dutch PRE MIU eo oss \pn aimich ou sie Send oc .G. 189,909 25% ; 20,292 
ROR Nt rabasave is 63,026 ‘ , 22: 0 
Ne -w Zealand (March 31, 1925).......... 3. 363,361 : 1 26.; 24,486 
Philippine Islands* .G. 32,600 04% is 9,500 
Other Places in Oceania®............... a eS 5,091 .01% oe 1,301 


Total 1,920,812 2.52% : 158,839 





TOTAL WORLD 76,161,827 00% 4.1 6,549,556 100 .00% 0.4 


Note: Telegraph service is operated by Governments, except in the United States and Canada. In connection with telephone wire, P. indi- 
cates telephone service operated by private companies, G. by the Government, and P. G. by both private companies and the Government. 


* Partly estimated. + March 31, 1925. © January 1, 1924. 















ELECTRICAL COMMUNICATION 





Telephone Development of Cities 
January 1, 1925 


Estimated 





















; Population Number Telephones 
(City or Exchange of per 100 
Country and City (or Exchange Area) Area) Telephones Population 









ARGENTINE: 
neers wie 2,000,000 97,838 





AUSTRALIA: 







Adelaide. . . 290,000 22,778 7.9 
Brisbane. . . 245,000 16,945 6.9 
Melbourne 886,000 67,734 7.6 

1,008,000 80,900 8.0 







Sydney...... 








AUSTRIA: 


SS eee 
OE een ree een Te RP een epee teen Py re 





155,000 6,159 4.0 
1,900,000 94,318 : 






BELGIUM: 









Antwerp... are ae eee 490,000 19,662 4.0 
RS bie cS ch vtcw. ou 5 tw a cow ‘ ee Pe ee ee ee 887,000 47,528 5.4 
SUNOEEEME Geta oak ckn eile wormk ics aiahs od Ere aoe eke eres Slee S one wise a 212,000 4,269 2.0 
SURE So o's veces RES BULL Ahan aN cue toe t care butane ae orate : re i 280,000 5,957 2A 
LD eee Se a Satie isthe ele RTE 410,000 9,978 2.4 





CANADA: 





Montreal. . 799,000 123,994 15.5 
Obtewae......... 173,000 31,404 18.2 
615,000 142,292 23.2 





Toronto.... 











CHINA:* 







GO See 918,000 2,800 0.3 
Shanghai. . 1,545,000 23,011 1.5 
Tientsin. . 824,000 7,704 0.9 
Peking 1,339,000 39,035 2.9 
















CUBA: 


Havana....... pete es ae re ere 494,000 


38,696 








CZECHOSLOVAKIA: 
PRE acxccnuwss 


DANZIG, FREE CITY OF.. caries imine een cee ae ie 373,000 


697,000 26,870 3.9 









14,440 










DENMARK: 


Copenhagen... . ae ede amis aes Pens Geek ON hae Nas 750,000 119,078 15.9 












FRANCE: 












Bordeaux....... 274,000 10,757 3.9 
‘oS ed CME a eae ETS CS oe AOS OS SC a mie 206,000 8,706 4.2 
reer re 577,000 15,844 aa 
UPSEBODS, 5 5 os 5-bi0c4.3 4% Aha dee Se eins wine ie hs 601,000 17,251 2.9 
PRE tesicsc ne see te ere co ae bheta yee a = 2,980,000 226,552 7.6 








GERMANY: 








NID) vices ch yeatve pice ee = Sd 3,948,000 392,172 9.9 
NR es Cin has Sanaa tn ieteiRie oe Sw awy dis aisle 286,000 25,621 9.0 
Dt ce hsb a hase ree Mie ae ote Kae eA GR he piss 548,000 33,934 6.2 
ee WEN ee eee ee aes Soe 321,000 19,017 5.9 
CS cata pbs Us eae : peSraaty oes iacs 687,000 52,460 7.6 
Dresden . ss ik Yih th otto and wa EIR oe eS : ote 605,000 46,270 7.6 
Dusseldorf...... 428,000 32,766 Cat 
ON dss ag ass ; Say ; Bp tatgi iss . 460,000 18,907 4.1 
Frankfort-on-Main.. . Lesa aks kale epee 456,000 48,749 10.7 
PRSMIN ESAS 5 oo. 5 554s a bin ass SS ere re 1,236,000 127,783 10.3 
Hannover... . 412,000 28,077 6.8 
Leipzig 657,000 53,435 8.1 
Magdeburg Pies wel ocho aa alee his oe 287,000 18,282 6.3 
ice G bate pone ea duh eons MaHad swe eaSeS 668,000 57,946 VF 
Nuremburg sae Bh psa ie pita eta Me ig os wm ve va Dee 382,000 28,903 7.6 
SEE OG en eam oR aes Ma Ate h Gc sae Se 335,000 30,333 9.1 














GREAT BRITAIN AND NORTHERN IRELAND:# 











eee ee Sea ee Read an eee ee Be i jo ene eare : 426,000 11,720 2.8 
Birmingham 1,324,000 37,720 2.9 
Blackburn 3 <bewine : Sakabebehl aa ea mee es 253,000 6,243 2.4 
rt ara cL ead oan pina Rees ane EK Coe Nae ac 290,000 6,634 2.3 
Bradford . Ee MERE SUM REG AE SAA meses mee 391,000 16,003 4.1 
I es on Okano aps eens : Sse elie pie des okie eta ek ores eee 421,000 12,598 3.0 
MNES C0) cst soggy Jor Seb ws eeuy 436,000 19,777 4.5 
RUMI 6 c5o 66 Sok ig eee ws ease ae sie DENN Sa ae eee Seren ades aves 1,311,000 48,387 S48 
EE Sort rt OG ane see aie os rr ; ee So Mia Pee oda pater ae eres 337,000 14,426 4.3 
RPIIRS occ Few ws boc ke aes 557,000 16,939 3.0 
RN ooo aca stb see-s nin Cee She alee caa Rite inks 1,238,000 46,493 3.8 
London...... Ree on cher ek eres aoie we wins 7,354,000 432,303 5.9 
MERE es coal ni aici sige ites Siniaele yale ¥ svar d Scere Saree eae 1,655,000 59,954 we 
PMN ds aie ods oo) SAS 4 ae see oka ih aise Meh a,c sae 621,000 16,547 2a 
PRUE, oi.0 eos swan cGaes ele teleung Eitalne ee aiaue bye eka Pane eae 347,000 11,554 aos 
OI se Ss sb ales ssc Fess Rabie Ci Va ces Seo aa aOLe ra A ee asa hare Seer as 240,000 5,041 nae 
PEE Rese bake evisu essence ae Some ce eG eae 525,000 14,386 a2 





* Partly estimated. 





ELECTRICAL COMMUNICATION 


Telephone Development of Cities—(Concluded) 


January 1, 1925 


Estimated 
Population Number Telephones 
(City or Exchange of per 100 
Country and City (or Exchange Area) Area) Telephones Population 


HUNGARY: 
Budapest ; fat 953,000 48,680 
Szegedin. . aa 113,000 2,083 


ISH FREE STATE:# 
Dublin. ’ : ‘ 402,000 12,650* 


ALY:2 
Milan. fs 714,000 17,992 
Naples ; , is : a . 785,000 6,786 
Rome oe E ‘ ee 648,000 14,261 
Turin a ; ’ 509,000 7 


7,953 

PAN:# 
Kobe. . : ‘ , , 727,000 22,627 
Kyoto... ... ae pe Teall a ah fe 681,000 21,448 
Nagoya..... : Pent ; ne eee f 671,000 18,938 
Osaka... ; 1,532,000 72,967 
TOMO = 50.5.0 : wife rete 1,917,000 102,457 
Yokohama ; : 390,000 7,124 


LATVIA:# 
MRS eee ss es ; Sees Ha3 . 338,000 9,090 


*THERLANDS: 
Amsterdam. y . 712,000 37,019 
The Hague. . : y a : 391,000 27,430 
Rotterdam. . : : 544,000 30,693 


NEW ZEALAND: 
Auckland... ‘ 55 181,000 
Christchurch : 118,000 
Wellington. . : 118,000 


NORWAY:# 
TAMBDS 5:53 265,000 36,908 


POLAND: 
Warsaw : 950,000 32,747 


ROUMANIA: 
Bucharest........ ; ; ‘ 361,000 10,200 


Ue Iw 


anv 


RUSSIA: 
Kazan... sats ; ‘ ‘ ‘ ; 162,000 1,498 
Kharkov. : Rae 5 325,000 3,100 
Leningrad eee ‘ ate ; : 1,093,000 26,256 
Moscow . ee ‘ : stan : : 1,558,000 39,078 
Odessa ‘ a erste 3 327,000 1,884 


SPAIN: 
Barcelona. . . ae 716,000 17,342 
Madrid. . ‘ ; ‘ giaki te : : 756,000 16,067 
Seville. . , ‘ ; 206,000 A727 
Valencia : a ; Paitin ‘ Bynis 233,000 4,029 


SWEDEN: 
Goteborg ees d umes ae : ; 230,000 27,963 
Malmo... : é ‘ betyraik se Aes eanh 116,000 14,291 
Stockholm. “% ‘ Pas ag ars i ° : 439,000 109,024 


SWITZERLAND: 
Ree rere , : Lent Ae 137,000 13,652 
Berne <iex8 ‘ Sleeps aecs SS ee aa Sra 105,000 11,696 
Geneva.... as a a5 , / : i : ; ’ 128,000 14,626 
Zurich... , tle a ‘ ‘ ; 205,000 24,719 


UNITED STATES:** 
New York. ; : : ; 3 6,059,000 1,315,368 
Chicago. ..... rt Sr Paes , 2,967,000 741,883 
Los Angeles ees sc aiele alee, ghecbra soe 1,100,000 260,567 
Total of the 8 cities with over 1,000,000 population ; 17,251,000 3,588,629 


peo 


San Francisco ; resis Seats ; : 675,000 
Cincinnati... . ele Ras Sites epee , 649,000 
Milwaukee...... shea ean Gspalatia Gabar-e weiokam aoe) ae ease oe ; piters 587,000 ze 
Total of the 9 cities with 500,000-1,000,000 population. 5,912,000 ,075,8¢ 18. 
Washington. . . ; eerie aie $ urease 8 468,000 7 25:3 
Minneapolis... . : aye oteiees Dis cee ee is teawiaee 443,000 42 24. 


Portland, Ore Dee : re aa ; 330,000 22 24. 
Umaha....... ; Se eee ee ee Sse A ake : ; : 218,000 62,007 28.5 


We wo CNON 


Total of the 30 cities with 200,000-500,000 population . Z ; 8,735,000 1,622,564 18. 
Total of the 47 cities with over 200,000 population. .. ; 31,899,000 6,287,025 19.7 
# March 31, 1925. * Partly estimated. t June 30, 1923. t+ June 30, 1924. 


** There are shown, for purposes of comparison with cities in other countries, the total development of all cities in the United States in certain 
population groups and the development of certain representative cities within each of such groups. 





























Country 


Australia 
Austria... 
Belgium. 
Canada.... 
Czechoslovakia 
Denmark 
France 

Ge rmany. 


Great Britain and Northern Irelandi. ; 


Hungary.. 
Italy (June 30, 1923). 
Japan (March 31, 1925) 
Netherlands... .. 

New Zealand (March 31, 
Norway — 30, 1924)... 
Poland*. ; a6 
Sweden. 
Switzerland . 
United States. 


Note: 
Government. 


January 1, 1925 


Service 
Operated 
by 
(See Note 
G. 


Number of Tel 


In Communities 


) 


# The majority of this development is due to Stockholm. 


* Partly estimated. 





State 
Alabama 
Arizona. 
Arkansas. . 
California 
Colorado....... 
Connecticut . 
Delaware. 
District of Columbia 
Florida. = 
Georgia 
Idaho. . 

Illinois. .. . . 
Indiana... 
Iowa.... 
Kansas... 
Kentucky . 
Louisiana. . 
Maine...... 
Maryland..... 
Massachusetts 
Michigan. . 
Minnesota. . 





Nebwnaka 


t March 31, 1925. 


January 1, 1925 





of 100,000 
Population 
and Over 
199,228 
100,477 
87,394 
416,689 
35,535 
119,078 
331,704 
,270,646 
930,766 
52,447 
80,406 
290,352 
107,289 
35,553 
36,908 
53,320 
151,278 
64,693 
7,352,826 


le phone s 


In Communities 
of less than 


ELECTRICAL COMMUNICATION 


Telephone Development of Large and Small Communities 


100,000 


Population 


137,050* 


44,664 
49,550 
655,765 
80,203 
188,899 
328,423 
1,114,531 
363,231 
26,165 
62,197 
254,081 
95,579 
84,544 
131,610 
66,665 
267,040 
124,736 
8,719,932 


Telephones in United States—Distribution by States 


Telephones per 100 Population 


of 100,000 
Population 
and Over 
.6 
- 
8 


—_ 


NWO WOU W OW ~T 


-_ 


-_Oo 
= WAAC UANUUOCH WO OW 


19. 


January 1, 1925 and January 1, 1926 


Number of Telephones 
January 1, 1926 
109,512 
29,728 


101,636 
27,690 
108,890 
953,288 
163,071 
240,237 
25,397 
117,205 
106,935 
151,594 
50,068 
1,437,441 a, 
517,532 
556,610 
370,684 
219,596 
108,660 
124,640 
174,154 
795,960 
582,118 
435,892 
68,430 
595,931 
55,079 
282,784 


Number of 


Telephone Number of 
Country Conversations Telegrams 
Australia . 275,368,000 17,267,000 
Austria. 458,741,000 3,861,000 
Belgium , 162,703,000 5,677,000 
Czechoslov akia . 176,331,000 3,304,000 
Denmark 442,987,000 2,396,000 
France. 808,433,000 60,831,000 
= rmany ets 1,820,353,000 36,627,000 
Gt. Britain and No. Ireland _ 1,030,251,000 62,178,000 
Hungary. 281,072,000 4,698,000 
Italyt. 361,351,000 18,457,000 
DMEM he cnn 8 owt ane ea 1,763,259,000 59,408,000f 
Netherlands. . 369,233,000 5,705,000 
Norway. 310,060,000 4,077,000 
Sweden. 635,554,000* 3,873,000 
Switzerland ; 147,438,000 3,168,000 
RJiEOU THMUES 5. 6 <5 wie ea 21,500,000,000 195,000,000 


Note: 
includes completed messages only. 
t Fiscal year 1923. 


* Partly estimated. 








118,969 
127,030 
180,826 
808,194 
631,141 
455,451 

71,543 
620,492 

56,221 
284,695 


Nevada 


New Hampshire 


New Jersey.... 
New Mexico... 


New York...... 


North Carolina 
North Dakota . 


Touma. wieieee lone 
Pennsylvania 


Rhode Island.... 2 
South Carolina..... 


South Dakota. 
Tennessee... 
i. 
Utah 
Vermont. . 
Virginia..... 
Washington. 
West Virginia. . 
Wisconsin 


Wyoming........... 


Per 


Cent of 


Total Wire 


of Wire Telephone 

Communica- Conver- 
cations sations 
292,635,000 94.1 
462,602,000 99.2 
168,380,000 96.6 
179,635,000 98 .2 
445,383,000 99.5 
869,264,000 93.0 
1,856,980,000 98.0 
1,092,429,000 94.3 
285,770,000 98.4 
379,808,000 95.1 
1,822,667,000 96.7 
374,938,000 98.5 
314,137,000 98.7 
639,427,000 99.4 
150,606,000 97.9 
21,695,000,000 99.1 


Telephone conversations include local and toll or long distance conversations. 


Telephone Conversations and Telegrams 
Year 1924 


Total Number Communications 


Number of 
January 1, 1925 


11,123 
77,865 
474,473 
19.018 
2,137,188 
135,068 
80,360 
1,005,698 
240,897 
160,807 
1,210,950 
105,781 
58,441 
106,575 
192,699 
525,600 
56,755 
57,044 
163,635 


In Communities 


In Communities 


of less than 


100,000 


Popuilat ion 


4.2 
1.0 
0. 
9. 
0. 


7 
A. 
Z 
1 
0. 


0 
0. 
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11.6 


Telephones 


January 1, 


19 
11,720 
79,195 

512,048 
19,921 
2,292,650 
142,738 
83,276 
1,054,426 
256,719 
169,613 
1,281,314 
106,706 
60,708 
110,119 
203,289 
557,889 
59,423 
58,357 
170,637 
271,453 
141,027 
482,353 
27,471 


16,935,918 


Wire Communication 
Per Capita 


Telephone 
Conver- 

Telegrams sations Telegrams Totz 
3.9 47.7 3.0 50.7 
0.8 69.2 0.6 69. 
3.4 21.4 0.7 ZA 
1.8 12.6 0.2 a2. 
0.5 130.7 0.7 131. 
7.0 20.3 LS 21 
2.0 30.1 0.6 30 
Sod eeew 1.4 23 
1.6 34.5 0.6 35 
4.9 9.0 0.5 9 
3.3 29.9 1.0 30 
iS 50.8 0.8 51 
1.3 113.0 Lo 114 
0.6 105.6 0.6 106 
pou ot.d 0.8 38 
0.9 190.8 1.7 192 


Number of telephone conversations in the United State 
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P. indicates oteshents service operated by private companies, G. by the Government, and P. G. by both private companies and the 
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International Standard Electric Corporation 


European General Offices 


LONDON, ENGLAND 
NEW YORK, U. S. A. PARIS, FRANCE 


Head Offices 


Affiliated Companies 


Standard Telephones and Cables, Limited Aldwych, London, England 
Branches: Birmingham, Cardiff, Glasgow, Leeds, Man- 
chester, Newcastle-on-Tyne, Southampton, Dublin, Cairo, 
Johannesburg, Calcutta, Singapore. 


Bell Telephone Manufacturing Company Antwerp, Belgium 
Branches: Berne, The Hague, Brussels, Riga, Reval. 


Standard Electric Company W Polsce Warsaw, Poland 
Le Materiel Telephonique Paris, France 
ng a ee en eee Madrid, Spain 


Standare: Mlettnica (taltamas, + cess odie acess ws aww owns eae wad Milan, Italy 
Branch: Rome. 


Standard Electric Aktieselskap Oslo, Norway 
Vereinigte Telephon und Telegraphen Fabrik Vienna, Austria 


United Incandescent Lamps and Electrical Company, Limited 
Budapest (Ujpest), Hungary 


Standard Telephones and Cables (Australasia), Ltd. ....Sydney, Australia 
Branches: Melbourne, Wellington. 


Nippon Denki Kabushiki Kaisha Tokyo, Japan 
Branches: Osaka, Dalny (Manchuria), Seoul (Chosen). 


Sumitomo Electric Wire & Cable Works, Ltd Osaka, Japan 


China Electric Company, Limited Peking, China 
Branches: Shanghai, Tientsin. 


International Standard Electric Corporation Rio de Janeiro, Brazil 
Compania Standard Electric Argentina..........Buenos Aires, Argentina 


Sales Offices and Agencies Throughout the World 


To those interested in better communication the International Standard Electric Corporation and its 
Affiliated Companies offer the facilities of their consulting engineering departments to aid in the solution 
of problems in Telephony, Telegraphy and Radio. 


SE EL AR TT ES eT TE A RTE STING SOM hel OTRRSTRASEESS GARE N YSN 
Printed in U. S. A. 





